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ADVEETISEMENT. 



In the preirioiis edition the author stated that a great 
part of the work is necessarily a compilation, but that 
in it will be found numerous "new rules and formulae 
adapted to the practical purposes of the present engi- 
neering age, many of which are not found in any other 
work of this kind, and that all the fundamental prin- 
ciples of this work are rigidly demonstrated on the 
most elementary principles, and chiefly after the 
manner of the most approved authors of English 
works, excepting for the rotation of bodies, where 
D'Alembert's simple and elegant principle is adopted.*' 
" A part of the engravings," he added, " are repeated 
from Professor Tomlinson's * Mechanics,' which forms 
a volume of the * Weale Series,' which I would recom- 
mend the student to read carefully previous to studying 
this work, containing as it does a clear and popular 
exposition of a great many of the leading subjects, 
which are here treated in a more strictly scientific 



manner." 



The present edition has been most carefully revised 
and corrected by Mr. E. Nugent, C.E., and an index 



VI ADVEBTISEHENT. 

has been added. The former edition of this treatise, 
;nd that of its compamoa volume, the treatise on 
"Mensuration," by the same author, were unfor- 
tunately disfigured by numerous typographical errors, 
and though many of these were obvious, and could 
easily be corrected by the reader — ^the substitution of 
the figures 9 or 6 for 0, and vice versd, for instance, in 
columns correctly cast up, or the using B for R, C for 
0, &c. — much care has been taken, in reprinting the 
two works, to verify every problem, and to render it 
strictly correct. 

September, 186lf. 
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OP 

STATICS AND DYNAMICS. 



DEFINITIONS. 

!1.^ Statics treats of the laws of eqnilibrinm of solid bodies. 
2.) Dynamics investigates the laws of motion of solid 
bodies. 

(8.) Hydrostatics has for its object the laws of eqnilibriam 
of flnid bodies. 

(4.) Hydrodynamics treats of the laws of motion of fluid 
bodies. 

(5.) Pneitmatics is a branch of Hydrostatics, and relates 
to the properties and to the equilibrium of elastic fluids, such 
as common air and the gases. 



!• Motion is a continual change of the place of a body. 

NoTB. — ^If a body moves through equal spaces in equal times, it ia 
called equable motion. If its motion continually increases or decreases, 
it is respectiyely called accelerated or retarded motion, 

2. Best is a permanency of a body in the same place. 
8. Matter is the substance that affects our senses. 

NoTB. — Bodies are certain portions of matter limited in magnitude. 
Maee is the quantity of matter of which a body is composed. An 
elemmtary particle is a body indefinitely small. The space occupied by' 
a body is called its volume or eolid content. 

4. Density of a body is the proportional quantity of matter 
contained in it, to the quantity of matter contained in another 
body of the same magnitude ; and it is called uniform when 
equal quantities of matter are contained in equal magnitudes. 

5. Force is a power that tends to impress or destroy 
motion* ' 

KoTB 1. — ^There are no meani of estimating /oree except by its 
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effeoto. It is differently measnred in Statica tmd DTiiamioi ; in Btatica, 
it ii measured by Uie prature, which it causes a, bodcj at rest to exert 
■gainst another body with which it ie in contact, or with wHeh it ia 
connected. The preseurea eiertod by meoiiB of Kords polled tj any 
forces are called tmiioni. In Djnamics, force is meaenred by the 
Telocity umfonnly generated in a given time. See J)«^itiiiniini>;n>'"t>ui«. 
NoTH HI. — It is usual to reprceeiit foices or pieBsures by huts, the 
direction of the line coinoiding with the direction of the fbnse, and the 
length of the line expressing the amount or magnitude of t^ given 
force or pressure. 

6. Qravity is the force by which bodies tend to descend 
in the direction of the centre of the earth: thus, gravity 
urges the fall of a stone, when left nasupported. 

7. Power aud weight, when opposed to one another, signify 
the body that moves aud the body to be moved ; t.«. the body 
that gives the motion is called the power, and that which 
receives the motion is called the weight. 

6. Velocity is the swiftness or slowness of the motion of a 
body, and is meamred by the space ■uniformly described In a 
unit of time, as for instance, in one second of time. 

9, The momentum of a body Is the prodaot of its velocity 
and quantity of matter. 

Non. — The Temsindoi of the definitJona, adapted to Uiis woik, 'will 
be fonnd under the head of Dynamice, Part II., «b pladng them here 
wonld onl]' tend to p«cplex the student. 



Pake I.— STATICS. 

ON THE OOUFOainOtI AND BBBOLUTIOH OF FOBOSB. 

10. Fboposition. — Let A B, A C (see Note 2, Art. 6) repre- 
sent two forces acting on a point or particle A, then these 
forces will be proportional 

I to the velocities DOmmnni- 
cated to the particle A in their 
respective directions, and coii< 
seqaently to the spaces which 
it would tmiformly describe 
in a given time. Complete 
the parallelogram A B D 0, 
then the motion in the diree- 
tion A 0| can neitlieT accelerate noi repel the t^proudi of 
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the body or particle to the line £ D, which is parallel to A C ; 
hence the body will arrive at £ D in the same time that it 
would have done if no motion had been given to it in the 
direction A C. In the same manner, the motion in the direc- 
tion A B can neither accelerate nor retard the approach of 
the body to the line D ; therefore, in consequence of the 
motion in the direction A 0, it will arrive in the same time 
that it would have done if no motion had been given to it 
in the direction A B. It hence follows that, by the joint 
effect of the two motions, the body will be found both in B D 
and C D at the end of this time, and will therefore be found 
at D, the point of their intersection : consequently, by the 
simultaneous action of the two motions, the body will evi- 
dently describe the diagonal A D of the parallelogram. And 
since A B, A C, A D, represent the spaces uniformly moved 
over by the body A in the same time, they are proportional 
to the forces acting in these directions ; that is, the forces 
A B, A C, acting at the same time, produce a force which is 
represented in magnitude and direction by A D. 

11. CoBOiiLABY 1. — ^Hence, if any two forces act on the 
game point, the force which is equivalent to these two is 
expressed in direction and magnitude by the diagonal of the 
parallelogram, the sides of which represent the Section and 
magnitude of the two forces. 

12. Cob. 2. — ^The force in the direction A D is called the 
resultant of the two forces in the directions A B, A C ; and 
the forces in the directions A B, A C, are called the compo- 
nents of the force in A D. 

18. Cob. 8.-— A force represented in magnitude and direo> 
tion by A S, which is equal to and directly opposed to A D, 
will evidently just balance the forces A B, A C. 

14. Cob. 4. — ^If A B, taken from a scale of equal parts, 
represents the magnitude and direction of one of the com- 
ponent forces or weights in pounds, cwts., &c., and A C, 
taken from the same scale, represents the magnitude and 
direction of the other component force or weight in pounds, 
cwts., &c. ; then, if on the two lines A B, AC, the paral- 
lelogram A B D C be constructed, the diagonal A D wiU be 
the direction and magnitude of the resultant force or weight, 
and its length, taken from the same scale, will give the 
pounds, cwts., &e.f in the resultant force or weight. 

B 2 
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15. Cob. 5. — Lei the component A B as p pounds, the 
component A = Q pounds, and the resultant A D «» W 
pounds ; also let the angle B A G = a, then, by trigonometry, 
AB» = AC» + OD*(=AB«) + 2A0 x CD cos BAG*, 

that is W» = P + Q» + 2PQ cos o, 

or W= >/(P« + Q' + 2PQcosa)r 
also, to find the angle BAD, we have 

W : Q : : sin a : sin B AD^ 

• -DAT. Q sin a 
or, sm BAD = — :sy^ — . 

Example. — ^Two forces of 4 and 5 tons act in directions 
inclined to each other at an angle of 60^ ; it is required to 
find the weight of the resultant force, and its inclination to 
the greater of the component forces. 

Let P =: 5 tons, Q = 4 tons, and W = resultant force or 
weight, then W = >/(P + Q« + 2 P Q cos eO*) = 
t/(25 + 16 + 2x4x5x*}=>/61= 7-81 tons = required 

force, and sin B A D = ^^^ = -443 = sin 26<» 2(r (nearly) 

e= inclination to the greater force. 

16. Cob. 6. — ^If three forces acting on a point, keep it at 
rest, each of these forces is proportional to the sine of the 
angle made by the other two. Let the forces or weights P 
and Q be components of the force or weight W, and let the 
force or weight B, represented by A S, be equal to and 
directly opposite to W ; then the force W will balance R ; 
whence, by the last corollary, 

W : P : : sin a : sin C A D or sin C A S 

W : Q : : sin a : sin BAD or sin B AS 

•*. B : P : Q : : sin a : sin C A S : sin B AS. 

17. Cob. 7. — ^If the three sides of any triangle be parallel 
to three forces, which, acting on a point, keep it at rest, 
these three forces will be proportional to the sides of the 
triangle. For the forces P, Q, and B keep the point or 
particle A at rest, and these forces are proportional to the 
sides of the triangle AB D. 

♦ BecatLBe angle A D = 180** — a = sup. of B A 0, — ».*., rap. of 
Oy — and cos AOD «» — cos a, which is the angle actually used in 
this and the following fonniil». 
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18. Gob. 8. — If two forces P and Q act in the same or in 
opposite directions, their resultant will be respectively equal 
toP + QortoP — Q. This is self-evident from daily 
experience. This may also be proved by making the line 
A G = Q revolve to the right or to the left till it coincide 
with, or be opposite to, the direction of A B = P, the resul- 
tant or diagonal being respectively P -f Q or P — Q ; thus 
further establishing i^e truth of the doctrine of the compo- 
sition of forces. 

19. Scholium. — ^The proposition (Art. 10) which has just 
been demonstrated, is generally known by the name of the 
paraUdogram of forces, and is the foundation of the whole 
doctrine of equiUbrium. Various demonstrations of tiiis 
important proposition have been given by the most eminent 
mathematicians, such as D. Bemouilli, D*Alembert, Laplace, 
and Poisson ; but they are all of too abstruse a nature to be 
introduced in a work of this kind. The demonstration of 
the same proposition by Duchayla, though of an elementary 
character, and founded on self-evident principles, is at the 
same time abstruse and circuitous. The author has, there- 
fore, here introduced the proof usually given by English 
mathematicians, which, from its extreme simplicity, may be 
considered as well adapted to those who are only commenc- 
ing the study of the subjects treated of in this work. 

20. Pboblem. — If any number offerees, P, F, F', do,, act 
in the same plane, in given directions on the point A, it is re- 
quired to find the magnitude and direction of a single force 
which shaU be equal to them all. 

This force may be easily found by geometrical construc- 
tion from Art. 11. First, describe a parallelogram, the sides 
of which represent two of the forces, and its diagonal will be 
the equivalent or resultant of these two forces. Draw a new 
parallelogram, with this diagonal and the line which repre- 
sents the third force for its sides, and the new diagonal will 
be the resultant of the three first forces. Proceed in this 
manner till all the forces be included, and the last diagonal 
will be the equivalent or resultant of all the forces. But 
the following method is much better adapted to calculation 
and general practical purposes. 

Let A 1>6 the point on which all the forces act. Draw 
any two lines A,x, Ay, through A, in the plane of the forces 



at right ftnglea to each other. Let the force P be repr«- 
Bfinted in mBgnitade and direction by A P ; through P dnw 
P B, P C perpendioolar to A a:, 
A y reBpectively, then A B P G 
is a parallelogram, and the 
force A P IB equal to the two 
forces A B, A 0, pcting in the 
direction A*, Ay. Similarly 
each of the other forces F F', 
Ac, may be resolved into two 
others in the diieotions Air, 
Ay. Let the angles FAic. 
P'A*, Ac, be respectively do- 
noted by a, a, &c., then AB =^P cosa, AC^P sin a, which 
are the components of the force P in the direction A z, Ky, 
reapectivety. In hke manner the components of F, F', Ac, 
in Uie direction Ax, are F cos a', F' cos a", Ac. ; and the com- 
ponents of the same forces in the direction Ay are F sin a', 
P" sin a", &c. Now, by potting X for the anm of all the 
forces in the direction A a;, and Y for the som of all the 
forces in the direction Ay, there will result 

X = P cos a + F cos o' + F' COS a" + &0. (1) 

and Y = P sin a + F sm a' + F' sin o" + Ac. {2) 

Pat B = resultant of all these forces and the angle it 
makes with A x, then 

B = v^X' + Y»; (8) tan0=- (4) 

NoTB. — It mturti be remembered that if any of t^e component forces 
A B, A B', &c,, and A C, A C, £c., be estlin&tod in an opposite direotion 
from A, IJief most bo consideTOd negativo. 

21. CoE. — When tbere is an eqnilibrinm, the resultan t or 
equivalent of all the forces ^ 0, and .-. R = VX' + Y* ^ 
; hence X and Y are each ^ 0, or their values in equation 
(1) and (2) vanish, on account of the forces counteracting 
each other. 

Ex. 1. — It is required to determine geometrically and by 
computation, the resultant and direction of the fouKpressnreH 
or forces, P, F, F', F", all applied to the point A and acting 
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m the B&me plane ; the several forces being P ^ 24 tona, 
P* = 18, P" = 32, and P™ = 80, and the angles which theii 
respective directions make with a given line BAG heing 
77°, 87", 9°, and 812*'. 

Geometrieaily. The method of solving this qnestion geo- 
metrically is already pointed out in Art. 20, i.e., by finding 
the reaoltant of two of the forces, which may be considered 
as a new force, then by finding the resnltant of ttua new 
force and the line which expressee the third force, and so on 
till all the four forces shall be reduced to one force, whiob 
wiU be the resultant of the four given forces or pressures) 
and will be foond = 78'4, the number of tona required, its 
inclination to B A being 18°. 

Calcvlaiion. The presenrea P, P, P', being all in the first 
qnadrant of the cir. 
de their Bines and 
cosineemttstbeTio- 
ative, but the pres- 
sure P"being in the 
fonrth quadrant its 
sine must be taken 
negative; then the 
vaJues of X and Y, 
Form. (1) and {2), 
being Bubstituted 
in Form. (8), there 
will reenlt 

R = s/TP+X* = ^1(24 X -9744 + 18 X -6018 + 82 X 
•1664 - 80 X -7481)' + (24 X -226 + 18 X -7986 + 82 X 

•9877 + 80 X -6691)'} = 78-4824 tona. 
and from Form. (4) 

tan = _ = -28698 = tan 18° 20", very nearly, 

which ate the valnea of the resnltant and its augle-of ineli> 
nation to the given line BAG. 

Ex. 2. — Four foroea in the aame plane ate 8, 4, 6, and 
6 cwt., acting apon a given point, and are inclined to a 
given line at angles of 20°, 40°, 80°, and 160°, respectively; 
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reqtdred the magnitude and direction of another force which 
shall just counteract or balance these four forces. 

An$, The force is llf cwt., and inclined 82® 18', very 
nearly, to the given line. 

Ex. 8. — ^Li pulling a weight along the ground by a cord, 
inclined to the horizon at an angle of 45°, a power of 80 lbs. 
was exerted ; required the force with which the body was 
dragged horizontally. 

Here the resultant, which represents the force of 80 lbs., 
is resolved into two other equal forces, the one parallel with, 
and the other perpendicular to, the horizon, which last force 
is wholly inefficient in acting on the body, and may, there- 
fore, be considered as lost; whence the required force is 
readily found to be 66^ lbs. nearly. 

Ex. 4. — Two equal forces act at an angle of 120°; prove 
that their resultant is equal to one of the equal forces. 

Ex. 6. — ^A weight of 20 lbs., suspended by a cord from a 
fixed point, is drawn by the hand in the plane of suspension 
through an angle of 80° ; required the pressure at the point 
of suspension, and the force exerted by the hand. 

Arts. 28tV lbs. and llij lbs. nearly. 

Ex. 6. — If any number of forces acting on a point, be 
represented by the sides of a polygon taken in order, these 
forces will keep the point at rest ; required the proof when 
the polygon is in one plane. 

Ex. 7. — ^A boat is fastened to a fixed point P, and is acted 
on at the same time by the wind and the current. Now the 
wind is S.E., the direction of the current S., and the direc- 
tion of the boat from the point P, S. 20° W., also the pres- 
sure on P is 800 lbs. ; it is required to find the forces of the 
wind and the current. 

Ans, Force of the wind 145 lbs. ; of the current 884 lbs. 

Ex. 8. — Two unequal forces P and Q act at an angle of 

120° ; prove that their resultant is == a/P* - P Q -f Q^ 

22. Pbop. — Jf the directions of three forces meet in one 
point, and if their magnitudes be represented by the three con- 
tiguoiLs edges of a paraUelopipedf their resultant will be repre- 
sented, both in magnitude and direction, by the diagonal drawn 
from their point of meeting to the opposite angle of the paralr 
lelopiped. 
Let the magnitudes and directions of the three forces be 
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represented by AB, AC, AD, and let the parallelopiped 

be &.Q. Then, aince ABHC is a paiallelogiam, the foice 

AH is the resnltant 

of the two forces A B, I 

AC; bat ADOH is I 

a parallelogram, and I 

its diagonal AG ia the I 

lesoltant of the two I 

forces AD, AH; that I 

is, of the three forces I 

AB, AC, AD. 

2S. Cor. I. — If A 8 be prolonged till it be equal to A O, 
then A S represents the magnitude and direction of a force, 
that will hold the three forces A B, A C, A D in eqailibrinm, 
becanse it ia equal and opposite to the resultant A G of these 
three forces. 

24. Cob. 2. — If four forces in different planes act npon a 
point or body and keep it in equilibrium, these four forces 
are proportional to the three edges and diagonal of a paral- 
lelopiped, formed on lines respectively parcdlel to the direc* 
tions of the forces. 

25. Cob. 8. — Hence a single force may be resolved into 
three others in different planes ; and each of thene may be 
resolved again into others, either in the same or different 
planes, and so on to any extent. 

26. SoBOL. — The properties in the preceding propositions 
^d their corollaries hold good for all similar forces acting 
on one point or body, whether they act by drawing or press- 
ing, or whether they be instantaneous or continual, as in 
the cose of percussion and gravity, and are of the utmost 
importance in the application of forces to mechanics and 
natural philosophy. The properties of several forces in 
different planes may be developed analytioally by means of 
three co-ordinate planes as in Art. 20, where several forces 
in the same plane are developed by means of rectangular co- 
ordinates. This subject shall be resumed further on, in 
order that the student may proceed to those parts of statics 
-ffhich are of real utility, and not requiring at the same time 
a knowledge of the geometry of three dimensions ; his 
stndies, the author trusts, will thus be rendered more easy 
and interesting. 

B 8 



THB PmNOIPLE OF TEK EQUALITY OF MOUEXTfl, 

27. Definition 1. — The prodact of a force and tha per* 
pendicnlaj' dietauce of a givea point from its direction !b 
called the moment of the force with respect to that point. 

28. Dbf. 2, — If through the point aa axis be drawn per- 
pendicular to the plane, passing through the point and the 
direction of the force, this product is called the mommt of 
the force as it respects the axis. 

29. Pbop. — The sum of t/u montentt of any number of 
force! that tend to turn a body in one direetion, it egwd to the 
sum of the moments of any number of forces that tend to turn 
the body in the opposite direction, aU th^ forces, in bath canes, 
being supposed to be in equilibrium. 

Let the three forcee AB, AD, AS, in the same plane, 
keep the body A in equilibrium ; draw the parallelogram 
ABCD, the 
diagonal AG of 
which will be 
the resnltant of 
AB, AD and 
equalandoppo- 
iiite,toSA. Let 
the point P be 
taken in the 
plane of the 
three forces, 
and join AP, 
DP, C P, and from P let fall the perpendiculars P n, P 6, 
Pc, Pd, onAB, AS, DC, and AD, or on their prolongations ; 
then the quadrilateral P AD C is = triangle APD + tri- 
angle P D C ; and 
the area of A PAC = PAD + PDC- AOD {1) 
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Honee, by sabstitnting these four folaas in (1), there 
resnltB 
A0xPi=ASxP6^ AD xPrf + DCxPc — DOx«o 

^ADxPti + DC(Pc-ac) 

• = AD X Prf + AB X Pa. 

Hence we see Qnd -when a body or point A is kept in 
eqnilibrinm by tbree forces AB, AD, A3, the sum of the 
moments AB xPo + AD x Pd, which tend to turn the 
body in one direction, ia equal to the moment AS X P £, 
which tends to tnm the body in the opposite direction, and, 
since eiU those forces may be resolved into innnmerable other 
forces, the proposition is tme for any number of forces. 

80. Cob. 1. — Hence the moment of the resultant is e([nal 
to the sum of the moments of its components. 

81, Pbop. — To find the rendtant of tmo paraUel forctv 
acting perpendicularly at the ends of a rigid straight rod, anci 
the moments of these two forces. 

Let A B represent the rod (supposed to be withont 
weight), AP, B Q the magnitudes of the two forces P, Q ; 
and let two opposite and equal forcuti S, T, expressed by A S, 
B T be applied to the extremities A nnd B of the rod, and 
in the prolonga- 
tion of its direc- 
tion. Then, since 
these two assumed 
equal forces 8, T 
evidently balance 
each other, the re- 
sultant of the two 
forces P,Q will be 
the same as that 
of the fotu' forces 
P, Q, 8, T. Com- 
plete the parallelograms aPAS, £QBT; then the resultant 
of the two forces AP, AS is Aa and the resultant of the two 
forces B Q, B T is B i ; bat, since the forces S, T counteract 
each other, the two forces P, Q are evidently equivalent to 
the two forces a A, bB, which act obU^nely at the ebda of the 
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rod A B. Prolong a A, (B till they meet at E, and through 
EdraiA'MNparallel to AB, and EF parallel to A P or BQ. 
The force A a mil produce the same effect ae an eqnal forco 
at £ acting in the direction E A : and this force may be re- 
solved into two others, one in the direction E M , eqnal and 
parallel to AS, and the other in the direction EF, equal and 
parallel to AP. In the same way the force B b may he re- 
moved to E, and resolved into two forces, one in the direction 
EN, eqnal and parallel to BT, and the other in the direction 
EF, equal and parallel to B Q. Thns the four forces P, Q, S, 
T, maybe considered as acting atE, of which the two forces 
8, t, being eqnal and opposite, will connteibalance each 
other, and therefore prodace no effect, while the other two 
P, Q, acting in the direction E F, will produce a resultant 
eqnal to their sum P + Q or equal to tiieir representatives 
A P, B Q. Also hy similar triangles. 

AP: AS(=aP) : :KF: AF 
BT(=Qi} :BQ: :BF:EF 
.■.AP:BQ: :Br: AF. 
But, AP = PandBQ = Q, therefore, 
P:Q: :BF: AFand 
Px AF = Q X BF. 
Hence, if the line or rod A B be divided in F inversely as 
the, forces P and Q, their moments estimated from F wiU be 
equal, and if an axis pass through the point F, the forces P 
and Q will sustain each other in equilibrium on the rod. 

82. Cor. — If an axis pass through B, and P + Q = B = 
resultant of the forces P and Q, then, by compounding the 
last proportion, 

P:E::BF:AB. 
S3. Pbof. — The mm of the moraenta of two paraUel 
/orcsi is e^ual to 
the moment of their 
residtant. 

Let P and Q be 
two parallel forces 
acting in the same 
direction on the line 
A B ; (tnd B their 
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resultant, acting at F. From any point D draw T>b perpen* 
dicnlar to tlieir directions. 

Pnt D a = p, D 6 = ?, and D/ = r, then by Art. 81. 
P : Q ::/6 : a/ l: FB : AF; 

... P X af=qxfb, oTV{r-p) = Q (j-r), 
■whence Pp + Q? = (P+Q)r = Br. 

And if the point D' be taken anywhere between a and b, 
it will be found that Qg — P^ = Rr. In this case B'a or 
p is meaeored in the opposite direction from D', and is there- 
fore to be considered negative. 

84. Cor. 1.— If one of 
the forces, as Q, act in an 
opposite direction, the 
force P being now removed 
to A, and the resultant or 
fulcrum to F nearest to D 

then Pxa/=Qx/6, or P (p — r) ^ <i{q—r) 
.■.Pp-Q?-(P-Q)r=Rr. 

Hence in all cases the snm of the moments of two parallel 
forces is equal to the moment of their resultant, recollecting 
that the signs of those forces that act in opposite directions 
most be 6onsideied negative, as well as the signs of those 
forces that are estimated in an opposite direction from D. 

86. CoE. 2. — ^Hence the reenltant of any number of pa- 
rallel forces may be easily found. Let B represent a force 
equal and opposite to 
the resnltant of the pa- 
rallel forces P, Q, 8, 
&c. ; if oU these forces 
be moved parallel to 
their directions till they 
coincide with their re- 
emltont R, they will be in eqnilibrinm with the force R 



R = p_Q + S-|-4c. 
and R X I>T> = P X D'B — Q X DC -)- S X D'E + Ac, 
,h«n«« B-n _ PxP-B-QxPC + BxP-E-fAc. 
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P — Q + S + &C. 

KoTB. — ^The equilibrixun of forces acting in different planes shall }» 
considered further on ; we shall now, as an application of what is al* 
ready done, proceed to the discussion of .the following subjects. 



THE MECHANICAL POWERS. 

86. By the mechanical powers we are euabled to sustain a 
great weight, or overcome a great resistance, by a small force, 
or change the direction of any force. 

The mechanical powers are usually considered six in 
number;— the Lever, the Wheel and Axle, the Pulley^ the 
Inclined Plansy the Wedge, and the Screw, 

The first three, when in a state of equilibrium, may be 
reduced to the lever ; and the three last, may be referred to 
the inclined plane; so that, strictly speaking, we cannot 
reckon more than two simple mechanical powers. 

87. When two forces act on each other by means of ma- 
chinery, one of them is usually called the power and the 
other the weight. The resistance to be overcome is the 
weight ; and the force, of whatever kind, which is employed 
to overcome that resistance, is called the power. 

1. THE LEVEB. 

88. The lever is an inflexible rod movable in one plane 
about a point called the fvlcrum or centre of motion. The 
parts of the lever, into which the fulcrum divides it, are 
called the arms of the lever.. When the arms are in the 
same straight line, it is called a straight lever, otherwise a 
bended, or more commonly, a hent lever. 

89. There are commonly reckoned three kinds of straight 
levers, depending on the position of the points of application 
of the power and the weight with respect to the/uZcrum. 

40. A lever of the first kind is represented in fig. I., 
in which the fiilcrum F is situated betwen the power P and 
the weight W. 

In a lever of the second kind« fig. IE., the power P and 
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the weight W act on the eame Bide of the folcmm F, the 
weight heing hetween the fnlcmm and the power. 

In a lever of the third kind, £g. m., the power P and 
the weight W act on 
the Bame side of the 
folcmm F, M ia the 
latter case, bnt the 
power, in this case, is 
between the fulcrum 
and the weight. 

41. LeverB of the 
first kind are steel- 
yardb, crowbars, pin- 
cers, &t. Levers of 
the second kind are 
nat-crackera, oarB of a 
boat, where the water 
is considered the ful- 
crum, 4c. Levers of 
the third kind are such 
aatongfi, Bheep-shears, 
&c. ; the bones of ani- 
mals are also consi- 
dered ae levers of the 
third kind, in which 
the j oint is ike fulontm, 
the moBcle near the 

joint the power, and the force exerted by the limb, at a 
greater distance from the joint, is the weight. 

42. Prop. — To find the conditioTu of equUibrwim, when a 
power and a weight act in the same plane on a Uver. 

(1.) Let A F B be a lever, P 
the folcnim, P and Wthe power 
and weight, acting respectively 
on the arms iF, BF of the 
lever by their gravity, the direc | 
tions AP, PW, will he there- 
fore parallel to one another. Now it is evident, from Art. 
Bl, that if the resultant of these two forces passes through 
the fnlcnun F, there will be an eqoihbrium, since the fulcmm 
is a fixed point; but if the resultant pass through any other 
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point in A £, as F, the foioe at V will be annipported, and 
will canee the lever to move ronnd F in the direction of this 
force. Hence it is evident, from Art. 81, tliat the leyer AB 
mnet be divided in F, so that 

P : W :: FB ; FA. 
Whence P x FA = W X FB. 

(2.) But if the direction of the forces F and W be inclined 

to each other, let these directions meet each other in the 

point E ; and let this point be rigidly connected with thk 

lever AB, then the forces P 

I and W may be considered to 
be applied at the point K, in- 
stead of the ends A, B of the 
lever, and therefore the re- 
sultant of these two forces will 
pass throsgh E. Bat when 
there is an eqoilibriam it must 
also pass Hirongh the fnlcrnm F, as in the last case, hence 
E F will be the direction of the resultant. Let K/ represent 
the preEBtire on the folcmm F, and let the parallelogram 
Ka/ b be completed, then E a, E i will express the two 
forces P and W. Draw F S, F T perpendicular to A E, B E, 

P : W :: Ka : Kb = af. 
:: sinE/a : sinaK/, 
: : sin/E6 ; sinaK/, 
:: FT : F S. 
48. Cor. 1.— Put AF = a, BF = b, the angle PAP — 
a,andWBF = 8,thenBinceF8 = aBLna,andFT = 6siny3, 
we shall have, by moltiplying extremes and means, 

Paeino = Wisinj5(. 

44. Cob. 2. — This proposition is equally tme for atraigtii 
or bent levers of any figare, also irom Art. 85, it is tnie for 
levers of the second or third kind. The pressure on the fol- 
cmm in levers of the first kind is evidently W -f* P, ill those 
of the second kind W — P, and in those of the third kind 
the pressnre on the fulcrum is P — W, the lever, in theu 
oases, being considered to be without weight. 



THE LEVEB. 
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46. Prop. — If any number of forces or weights P, Q, do^, 
p, 5, dcy acting upon the arms of a straight lever to tvm it 
in opposite directions, rotmd the fulcrum F, he such that 

PxFM + Q XFN + &C. =;?xFw + jxFn + &c. 

there wiU he an equilibrium on the lever. 

For the resultant of 
all these forces passes 
through F, andif we es- 
timate the moments of 
these forces fromF, we 
shall have, by Art. 85, 

PxFM + Q XFN + &C. — J? xFm-gxFn — &c. = 

R X = 0, whence 
PxFM + QxFN + &c. =p xFw + 3xFn+&c. 

46. CoE. — If any of these forces or weights act obliquely, 
such forces must be multiplied by the sine of the angle which 
their directions make with the lever, or if the lever be bent, 
such forces must be multiplied by the perpendiculars from 
the fulcrum on their respective directions. 

47. To find the fulcrum, when the power, weight, and length 
of lever are given. 

Returning to Art. 40, fig. I*, we have, by Art. 42, 

P : W : : F W : FP; whence by comp., 

P + W : P :: FW + FP = PW : FW 
P + W : W: : PW : PF 

^ PxPW^^py^ WxPW 

P+W P+W' 

whence the distance of the fulcrum £:om either end of the 
lever may be found. 

48. When the power is required to be very great, and it is 

not convenient to 

construct a very 
long lever, a com- 
pound lever, or a 
composition of levers 
iaused. In the com- 
position of levers in 




the annexed fignrei tlte aevextl leverB act peipendionlarly 
upon one another, as A B, BO, D, the folcrnma of which 
are respectively F, F and F" ; then 

power P acting at A : weight at 6 ; : B F : F A, 
weight at B : weight at : : F'C : FB, 
and weight at : weight at W : : FT) ; F'C. 
Hence, hy componnding these three pioportions, 
P : W : : FB X FC X FT) : FA x PB x F'O. 
And generaQy, when a system of this kind is in eqailibritim, 
the ratio of the power to the weight or load will he as the 
prodobt of the alternate arms of each lever, beginning with 
the weight or load, to the prodnct of the alternate arms, be- 
ginning &om the power, of whatever kind the levers may be, 
recollecting that if any of the levers be bent, or the forces 
act obliqaely, the arms mnst be considered as the perpen- 
diculars let fall from the fulcnuns on which snch forces act. 
49. A system or composition of levers may be conveniently 
arranged, as in tho 
Sg. annexed. Hera 
we have three le- 
vers, two of the 
second, i.e., A F, 
A" F', and one of 
the first kind,A3'; 
we will now con- 
sider the manner 
in which the power 
F is transmitted 
to the weight W. 
The power P act- 
ing upon the le- 
ver A F, produces 
a downward force 

at B = ^'^ AI 

FB 
The arm A' F of 
the second lever 
, ... - P X AF is therefore polled 

down by tho force --^^, and this force, multiplied by 



FBxFB' 

^ force vith vhioh B', and therefore A", is drawn apwarda. 
And lastly, we find m the same manner, 

„ PxAFxA'FxA'-F' 
FBxFB'xF"F' 
Thus, for example, if A F, A' F, A" F' be respectively 16, 
20, and 18 inchee, and B F, B' F, B" F' be respectively 2, 
2, and 8 inches ; then 

2x2x8 
or the weight is 480 times the power. 

GO. The Balance. — One of the most naefal applications 
of Uie lever is to tlie balance, which consists chiefly of a 
lever of the first kind with 
eqnal arms, from the ends 
of which scales are sus- 
pended. This lever A B 
is c^ed the beam, C is 
the fvlcrwn or centre of 
motion, g is the centre of 
gravity (which term will 
be hereafter particnlarly 
defined) of the beam and 

scales — this point is placed a little below the Monun, other- 
wise the beam wonld rest in any position; if, on the contrary, 
the point g were above the beam, the least disturbance would 
cause the beam to apeet. The points of snspeneiou A, B 
should be so situated that a straight line AB, joining them, 
may be perpendicular to the line joining the centre of gravity 
g with die point of support m. 

In a perfect balance all the parts must be Bj'mmetrical 
with respect to the fulcrum c; that is, the parte on either aide 
of this point must be exactly equal. Moreover, the ecales 
must be in equilibrium when empty, and there must be as 
little friction as possible at the folcnuu c. 

61. The Faite Balance. — This balance has its arms of un- 
equal length, and is in equilibrium when charged with nn- 
eqnal we^la. But the true weight of a body may be fotmd 
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by a false balance in the followinff manner. First, 'weigh 
the body in one scale, kad afterwards weigb it in the other; 
then the mean proportional between these weightB will be 
the trae weight. For let a> = true weight of the body, and 
W the number of oonces or potuids it weighs in the sct^e A, 
and ID the ounces or ponnds it weighs in the scale B ; then, 
by Art. 81, we shall have 

A c X ic — B c X W, 
and BcXa'=AcXu. 
By mnltiplying these equations, there results, 

Ac.Bc.x*- Ac.Bc.W.w, 

.-. a!»=- Ww, 
or ar =: ,/Ww. 

That is, the trae weight is a mean proportional between 
the two false weights W and w. 

62. The Common Steelyard. — This is another nsefiil ap- 
plication of the lever for ascertaining the weights of bodies. 
It is a lever with arms of nneqaal length, by means of which 
a single weight P is sufficient to determine, from its position, 
the weight of any other body W. 

The beam of the steelyard is shewn iii the annexed figure. 

is its Mcrnm. The body W, the weight of which is to 

be found, is sob- 

1 pendedat the end S 
I of the shorter arm, 

and the constant 
weight P is moved 
along the graduated 
arm till there shall 
be an equilibrium. 
Let us first assume 
that the scale and 
heavy ball at S keep 
the lever in equili- 
brium or horizontal, 
whentheloadW and 
the weight P are removed, as is the case in some steelyards. 
Now, let W and P be applied to the steelyard so that they 
may balance each other, thea FxCP = Wx08r or 
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W ». -^-^ , .-. when C P = C S, W wfll be = P, and 

when CP » 2G S, W will be = 2P, and so on. Therefore, 
if the longer arm of the lever be marked or graduated so 
that CI, G2, G8, Ac., shall be eqnal to SC, 2SC, SSC, &o., 
respeetively ; then, when P is at the 1st, 2nd, 8rd, &c., marks, 
the corresponding weights of W will be P, 2P, dP, &o. 
.Thns if P = 1 pound then W will be snccessively equal to 
1, 2, 8, &c., pounds, when P is at the 1st, 2nd, Srd, &c., 
marks or divisions on the longer arm of the steelyard. In 
the %ure, P is shown at the twelfth division on the longer 
arm, ^erefore, in this case, W = 12 P ; and, if P = 1 pound, 
W = 12 pounds. 

68. If the lever do not balance itself, its weight must be 
taken into calculation by considering it to act at the centre 
of gravity ; and if the lever be in the form of a prism, or an 
uniform bar of any kind, its centre of gravity will be at its 
middle point. 

Let I be the whole length of such a lever or steelyard, and 
w its weight ; then the £stance of the centre of gravity of 
the lever from its fulcrum will be = 1(2— 2SC) at which 
distance the weight w acts, 

• •• W X SO = P X PC + i(2-2 S 0) « 

whenceP = ^xS^-j;(^^^^^). 

It C 

Ex. 1. — ^Let the whole length of a lever be Z = 8 feet, its 
lesser arm S C = 8 feet, and its whole weight w = ^ lbs., 
and let a weight W = 100 lbs. be suspended in the scale at 
S ; what weight P must be placed at the end of the longer 
arm to hold tiie lever in equilibrium ? 

By the formula given above 

p ^ WxS0-iu>G-2S0) _ 100x8-2(8-6) ^ g^^j^^ 

PO 6 

Ex. 2. — On a lever three feet in length a weight of 
500 lbs. is suspended at one end, at 2| inches from its ful- 
crum ; what weight at the other end will keep the lever in 
equilibrium, the lever being assumed to be without weight ? 

Am. 40 lbs. 

Ex. 8. — ^Required the force that will draw a carriage- 



wheel over as obsimction, aHBoming the Thole weifj^t of th« 
carriage to be collected at the axis of the wheel. 

Let be the centre of the wheel D C W, the obRtmc- 
tion, P the drawing power acting in the direction P, W 
the weight of the load acting in 
the direction W perpendicular 
to the horizon. Draw m, m 
perpendicular to P, W. Then 
the wheel, in taming over the 
obstrnotion, must torn round the 
point C ; therefore O may be 
censidered as a lever, the fnlcram 
of which is C, and G <n, C n are the perpeudicnlara from the 
fulcrum in the directions of the power and weight respec- 
tively. 

Hence P:W ::0n:am::BinGOn:sinOOm. 

Pat the radina of the wheel W ^ r, and the height of 

the obstmction = nW = h; then On = ^2rh — A', and 

Bin On =" nn" ~ (wnce h ib usually very 

- nearly = V — • 



If, therefore, W and V - 

sin C m ia greatest, that is, when C m is a right angle, in 
which oase its sine ia = rad. = 1, whence 

p = w y-i^. 

Ex. 4. — If weights of 2, 4, and 6 owta., be suspended at 
the distances of 8, 6, and 9 feet from the fulcrum of one arm 
of a straight lever, and weights of i, 6, and 6 cwts., be bob- 
pended at 2, 6, and 6 feet from the falranm on the opposite 
arm ; where must a weight of j cwt. be placed to keep the 
lever in equilibrium ? 

An». 4 feet from the folerom on the first arm. 

Ex. 5.— The arms of a bended lever PFW are of equal 
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length, and make an angle at the falcram P of 186<> ; re- 
quired the position in which the lever will rest, when two 
weights of 8 and 5 cwts. are placed at P and W ? 

An$. PF makes an angle of 8^ 8T with the horizon. 

Ex. 6.— Required the weight of the body W, when the 
power P, on the lever in the last example, is 8 cwts., and the * 
arm P F is horizontal. -^ns. 4 J cwts. nearly. 

Ex. 7. — ^A beam A B sustaining a weight W at the point 
F, is supported by two posts at A and B ; it is required to 
determine what portion of tiie weight 
is sustained by each of the props or 
posts, the weight of the beam being 
neglected. 

Supposing the beam to turn on B 
as a Mcrum we shall have 

Pressure on A A X B = W x F B, 

_. . FBxW 

.•. Pressure on A = — ^-^ — . 

Similarly, by supposing the beam to turn on A as a falcrum, 
{here will result 

Pressure on B =^ — -r-^- — . 

AB ' 

Ex. 8. — ^Two men carry a weight of 2 cwts. hung on a 
pole, the ends of which rest on their shoulders ; what part 
of the load is borne by each man, the weight hanging 6 inches 
from the middle of tiie pole, the whole length of which is 
4 feet ? Am. 140 lbs. and 84 lbs. 

Ex. 9. — ^Let the length of the beam A B in example 7 
be 80 feet, F B = 10 feet, and consequently A F = 20 feet, 
and the weight W = 18 cwts. ; required the pressures on the 
supports A and B. 

Here pressure on A = 1L|^ = 1^1§ = 6 cwts., 

and pressure on B = ^^,^ = ??^ == 12 cwts. 
'^ AB 80 

NoTB 1. — ^If two or more weights be suspended at di^erent points of 
a beam, supported by posts or props, the pressures due to each weight 
must "be found for each of the posts separately, and the sum of the pres- 
sures <xn each post will give the total pressure on each. 
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oentK, if the beam Im of nnifonu thichnem, will be at the middle 
point of the beam. 

Ex. 10. — A beam, the length of which is 18 feet, is snp- 
ported at both ends ; a weight of 18 cwts. is snspended at 8 
feet from one end, and a weight of 12 cwts. at 8 feet from the 
other end ; required the pressure at each point of eapport. 
Ant. The pressures, by Note 1, are foond to be 20^ 
and 9) cwts. 
Ex. 11. — IS the weight of the beam in the last example 
be 12 cwts., required the pressure on each point of support. 
Am. 26i and 16J owfa. 
Ex. 12. — A uniform beam 40 feet in length, the weight of 
which IB 4 cwts., is supported by two props A and B, 80 feet 
apart; now a weight of 24 cwts. is suspended on the beam at 
the distance of 10 feet from B, the beam projecting 8 feet 
over the prop at A, and 2 feet over that at B ; required the 
pressure on each of the props. 

Ana. lOJ cwts. on A, and 17* cwts. on B. 

TO OKADUATE THE LETEB 07 A SATBTT TAI.VB. 

The safety valve is for the purpose of preventing the 

bursting of boilers by the elastic force of the steam. A F is 

a graduated lever turning on F 

as a fulcrum; T is the valve, 

which is raiBed when the elastic 

force of the steam becomes too 

great for the pressure of the 

weight W, which presses down 

the valve by means of the lever 

AF. 

Let AF = L, VF = i, W = weight at A, to weight of 

the lever AF, r =^ radius of the 'valve, and P ^ greatest 

pressure per square incb of steam in the boiler. Then w t* ^ 

area of the valve or its orifice, ir r^ P = pressure on the 

valve, and by the property of the lever. 

L X W + iLxw = i X X H P, whence 

w .- "'"'-""• (1) 

The weight W at the end of the lever may be determiaed 



THE LEVER. 2i 



from Formula (1), after which the length L', corresponding 
to any other given pressure F, may be found from the fol- 
lowing formula, which is derived by substituting L' for L 
and F for P, in (1) and transposing which gives 

^, ^ .r-l^-iLu, ^ (2) 

Ex. 1.— Required the weight W when A F = 24, V F = 
8 inches, weight of the lever 4 lbs., radius r of the valve = 
1| inches, and the pressure P of the steam in the boiler 
40 lbs. per square inch. 

Here the area of the valve t r^ = 3-1416 x (IJ)* = 7*07 
square inches nearly, which, by omitting the small decimal, 
may be taken as 7 square inches ; whence 

That is, 88 lbs. put at t];ie end of the lever will give the 
required pressure. We have next to £frd the distance L' 
from F, at which this weight must be put to give any other 
required pressure F. 

Ex. 2. — ^Let the pressure F be 20 lbs. per square inch, 
all the other dimensions and weights being as in the last 
example, required the distance A F -= U. 

By Form. (2), 

^r»ZP — iLu; 7X8x20 — 12x4 ^- , . , 
L = :^ = gg lli»f mches, 

for the new distance A F at which the weight W must be 
suspended to give a pressure of 20 lbs. per square inch. 
Similarly, the distances on the lever may be found for any 
other pressures to complete the graduation of the lever. 

Ex. 8. — ^A beam of timber, 24 feet in length, is found to 
balance itself on a prop 10 feet from the greater end; but on 
placing the middle of the beanjL on the prop, it requires a 
man's weight of 200 lbs. standing on the less end, and also a 
weight of 20 lbs., at a distance of 4 feet from this end, to 
balance the beam ; what is the weight of the beam ? 

Ana, 11 cwts. 48 Ibs^ 
g 



54. The wheel and axle conaiBts of a wheel with a cylindri- 

oal ana, paBamg throagh its centre perpendicolar to the plane 

of the wheel. The power ie applied to the cironmferenoe of 

the wheel, and the weight to the oironmference of the axle. 

65. Pbop. — The wheel attd axU are in equil^irium uA«n 

the poaer is to the weight (U the 

radita qfaxU is to the radiw of the 

Let OA, OB be the radii of the 
wheel and axle, at the extrenu- 
tiea of which the power and 
weight act ; then ABO may be 
considered as a lever, the M- 
crom of which is ; and since 
the power F and the weight W, 
being soapended by cords, act 
perpendicolarly to A 0, we shtdl 
have 

P : W : : OB : CA, that is 
P : W : : lad. of axle : rad. of wheel. 
NoTi. — Hie power mar act by meana of bars or handspikefi inieital 
into tlie axle, and the wneel may be removed, as in the obm of the 

56. Oos. 1. — If the power jt act in the direction a J}, which 
cnts A C at right angles in D, then there will be an equili- 
brium whenp : W : : OB : CD. 

67. OoB. 2. — When P and W saatain each other by means 
of a wheel and axle, the thickness of the rope by which they 
are anstained mast be taken into acooont; that is, we mnrt 
add half the thickness of the rope to each of the distances at 
which F and W aot. Therefore, if B = radina of the wheel, 
r — radios of the axle, and 2 t = thickness of the lope, then 
we shall have 

F : W :: r + t : R + » 

.■.w-q5iii (1) 



TBS WHMIL AKD IZLS. '97 

59. Cos, 9.-^11 ihe wheel be acted npon witliont a rope, 
Qie above propoition becomes 

P ! W : : r + t : E. 
Wben F and W m&y be found as in tihe preceding case. 

NoTi. — By incresaiag the size of the wheel in proportaon to that of the 
aile, a vwy aaiall fore* may be made to balance a xery great weight, liut 
M the weight ia increa*ed, the size of the wheel must also be increaaed to 
ua inconvenieDt extent. Hence the use of a ayBtsm ot combination of 
irbeeU tuid aileB. Now aa the wheel and axle is only a modiflcation of the 
larer, so also a aysteia of vheela and ailea ia only a modification of the 
. compound Isver, already dewiibed in Art. 48. A system of wheels aiid 
' utlet am sometimee toined by simple contact with each other, and some- 
tunea by coida, chains, or itoapspaaiing over them; in all such cases tbe 
fHotdtm. of Umsot&cm prevents their sliding on each other; but the most 
nsoal method of trousmttting power to complex machinery ia by means 
of Ueth or eogi, vhich aie raised on the aaiwxs of the wheels and axlea. 

60. Pbof. — in a tyttem of too^d wheeU aitd axlea, it is 
requimi to Jind the relation betaeen the power and the uieight, 
whtn they are in egvUihrvim. 

The power P is ap- 
plied to the drciun- 
ferenee of the first 
wheel a, whidi trans- 
mits its effect to the 
eircnmference of the 
'first axle or pinion b ; 
this acts on the cir- 
comferencc of the se- 
tond wheel e ; and so 
on throngh the pinion 
e to the wheel/, till the 
force is transmitted to 
the last axle d, which 
supports the weight 
W. This system or 
combination of wheels 
and axles is evidently 
the very same in prin- 
ciple as the combma- 

tion of levera in Art. 48 ; therefore P is to W as the product 

of the radii of all the axles is to the product of the ra^ of all 

ti» niia^ ; and if the letters, referring to the wheels and 

08 
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azl^B in the annexed figure, denote the radii of those wheels 
and axles, we shall have 

^ : W : : b e d : uef 

whence P = j- (1) 

aef ^ ' 

61. Cob. — Since the number of teeth in wheels are aa 

their radii, P : W : : product of number of teeth in all the 

pinions : product of number of teeth in all the wheels; 

whence the number of teeth in the respective wheels and 

pinions may be substituted for their radii in the two preceding 

formul89. 

NoTB. — ^By a Qombination of wheels and axles, such as that just 
referred to in Arfc. 60, a power to any extent whatever may be acquired. 

Ex. 1. — ^A weight of 1 ton or 2240 lbs. is sustained by a 
rope of 2 inches in diameter, going round an axle 4 inches in 
diameter; what weight must be suspended at the circum- 
ference of the wheel, by a rope of thd same thickness, to 
obtain an equilibrium, the radius of the wheel being 6 feet ? 

By Form. (2), Art. 67, P = ^^^rj^- 

Here W = 2240, r = 2, R = 72, and 2 « = 2 or « = 1, 

, _ 2240 (2 + 1) 6720 ..^,. 

whence P = — rj2 ^ ^ = -f^^ = 927V lbs. 

If the thickness of the rope had not been considered, then 
p Wr 4480 ^^.„ 

Ex. 2. — In a combination of wheels and axles there are 
given the radii of the wheels, 20, 26, and 48 inches, and the 
radii of the pinions and axle 4, 5, and 8 inches. Now, if a 
power of 1 cwt. be applied to the circumference of the first 
wheel, what weight "vnll it be able to sustain at the circum- 
ference of the axle or last pinion ? 

By Form. (2), Art. 60. 

-J. -Paef 112x20x26x48 ..o^oaw^iv- ika ^ 

W= -r-T= A..K..Q = 112 X 26 x61bs =156cwt. 

bed 4XoX8 

Ex. 8. — The number of teeth in each of three successive 



whMb ia 144, and the number of teeth id each of ilte axles 
or pinioDs is 6 ; what weight will this maohine support witli 
a power of 2 cwt. ? Ant. 1862 tana 8 owt. 

Ei. 4. — ^A power of 10 lbs, balances a weight of 800 lbs. 
on a wheel, the diameter of which is 10 feet ; what is the 
diameter of the axle, the thickness of the rope on the wheel 
being 1 inch, and that of the rope on the axle 2 inches ? 

THB PUI>LXT> 

62. A pviUg is a small wheel moveable abont an asis 
passing Hirongh its centre, in the circumference of the wheel 
ia a groove to admit a rope or flexible chain. The pulley is 
called fixed or moveable, according as its axis is fixed or 
moveable. 

68. Paop. — In the tingU Juced pvUey there 
U an equUibriwn mken the power and weight ara 

For thioogh the centre of the pnlley draw 
AB, which represents a leveiof the first kind, 
of which the falemm is C, and since the arras 
A C, G B are eqnal, the power and weight 
snspended at A and B must be equal when an 
eqiulibriom is obtained. 

64. Pbop. — When the power mtaiTu the weight by meoM of 
<me moveable pulley, thepower iajtut half 
the weight, if the portwns of the nutain- 
ing cord be paraUsl. 

First, it is evident that the lope 
P C Q A B H must have the same ten- 
sion everywhere thionghotit its length, 
or the system would not be in equili- 
brium, and this tension must be equal 
to the power P, and since the tensions 
of the two parts of the rope A D, B H 
are each equal to F, the weight W, 
suspended from the axle of the pulley 
AB, must be necessarily equal to 2 P. 
— The same may be proved in the fol- 
lowing manner, suppose A, B to be 
joined by a line passing throogh the 
axle of ibe moveable pnlley, then the ' 



Ime A B may bt eontidond ' 
aa aleveroftlieseaondldndt 
the power F acting at A, Uie 
weight at the axle of the 
pulley, and the &lcnim at 
B; therefareP:W: : |AB 
(=i=rad.):AB::AB:aAB. 
coneeqneutly 2 F ^ W, or 
F = tW. 
. 66. Cob. 1.— Tlie same 
principle may be applied to a 
syetem or combination of pul- 
leys, all drawn by one cord, 
passing over an equal nnm- 
ber of filed and moveable 
■pulleya. In fig. 1, P : W 
: : 1 : nnmher of parts of 
the cord passing over th« 
moveable block. Therefore, 
in fig. 1, where the nnmber 
of parts of the cord going 
over the moveable block ia 4, 
we shall have F : W : : 1 : 4, 
whence 4 P = W, or F = J W; 
and generally, if the nnmber of 
these parte of the cord be n, wa 
shall have F : W : : 1 : n, wbeuee 
P=HorW = nF. 

66. Cob. 2. — In fig. 2, the 
weight, being anstiuned by three 
cords, iH equal to three times the 
power ; and generally, if the niim- 
ber of the parts of the cord (pass- 
ing over moveable pnlleys) be n, 
■we shall have F : W : : 1 ::»i-(-l, 
whence W = (n -j- 1) P. 

67. Pbop. — In a eomHnatvm 
where each pulUy himgt by a s»pa^ 
rate cord, and ike oordt art paral- 
foi P : W : 1 : 2-; n being th» 
nvmber (/ nuveabU pviUjfi. 
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In this oombination, a cord goes over the fixed pulley E, 
under the moveable pulley D, and ia fixed to the hook at 1, 
Another cord is fixed to D, goes under the moveable polle; 
C, and ia fixed to the hook at 2 ; and eo on. 
From Art. Gi, the weight at D = 2 F, 

the weight at = 2 X weight at D = 2' P 
the weight at B — 2 X weight at C = 2= P '■ 

and if the number of moveable pulleys be n, then 
W = 2" P. 

68. Cob. — The tenaiona of each of the strings in this 
Byatem is shown hy the nnmhers above the hooks; these 
tensions being F, 2 P, 4 P, &e. 

69. NoTB. — Althongli the power increuefl rapidly in Uiia Bjitem, 
being doubled bj the'additioii of ereiymoTe&ble pulley, yettUa Eidrau- 
tage over the common system ia more than coimterbiiJaiiced by the 
very limited range ; siace, in the conunon bloclu, the motion may be 
ooEtJnued till the fixed and moYoable block come into contact, bnt in 
this aystom the motion can only be continued till D and B come into 
oontaot, at which time the other pnlleys will be fcr apart, because 
riees only half as fast as D, B Only one-fourth, and A only one-eighUh 
aa fast. Hence the longest poaaible range is but a small portion of 
the whale beigbt occupied by the system, which accordingly ent^ls a 
great waste of space, and is hardly of any practical use. 

70. PbOp. — There wiU be an eguilibriiim on the eingU 
movtahle pulley, when the power ia to the weight as radiug to 
ttnee the conne of the angU which either string makes with tht 
direction in which the itring acts, 

A cord fixed at H passes onder the moveable pulley B, 
and over the fixed pulley 
C, the power F being ap- 
plied at the extremity of 
the cord. The weight W 
ia BQHp ended to the centre 
of the moveable pnlley, 
B, which in thie caae is 
asanmed to be of very 
small radins. Draw the 
vertical line A B of sach 
a length as to represent 
the weight W, and com- 
plete the paridlelogram ADBE ; then BD, BE will repre- 
sent the tensiona on the cord, wMcb are evidently each equal 
to the power F, .'. all the sides of the parallelogram ai» 
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eqaal. Now, coucoive E D to bo joined, bj' n line not shown 
in the fignro, then we shall have P : W : B D : AB : : rad. : 
2 cos ABD, because the angle E DB is the complement of 
ABD. Whence 

W = 2P<!0bABD. 

71. Cob. — If the weight of the moveable pulley be coa- 
sideted, and that weight = w; 

then P : W+w :: 1 : 2cos ABD. Whence 

W = 2PcohABD — IP. 

Ex. 1. — ^In a system of pulleyB, snCh aa shown in fig. 1, 

Art. 65, the nnmher of moveable pulleys being sis, required 

the weight, the power being ^ cwt. and the weight of the 

moveable block and pnlleys being 86 lbs. Am. 686 lbs. 

Ex. 2. — If the angle made by the horizon and a cord 
passing under a moveable pulley be 80" ; what proportion 
does the power bear to the weight? Arts. P ^ W. 

Ex. 8. — If the angle in the last example be 45"; what 
proportion does the power bear to the weight f 

Ans. P : W : : 1 : V2. 
Ex. 4. — If w be the weight of each pulley in Art. 67) then 
prove that W = 2" P — (2-— 1) w. 

THE IHOLIHZD FLAIIE. 

72. Th^ inclined plane is considered in mechanical science 
as a smooth, perfectly hard and infiexible surface ; the iron 
rails on an ascending or descending gradient of a railway 
may be regarded as a plane of this kind, or at least a near 
approach to it. 

78. Phop. — When a body is in equiUbnum on an inclinsd 
plane, P : W : : (Ae Hna of 
the inclination of the plane to 
the horixon : the eonne of the 
angle which the sustaining 
cord makes with the plane. 

Let A B be parallel to the 
horizon, A C a plane inclined 
to it; W a body sustained on 
the plane by a power P acting 
in the direction W D. Draw 
WE perpendicolar to AB, - 



take WD, WE to represent the two forces P and W, and 
complete the parallelogram W E F D. Bince F and W are in 
eqnilibrinm, their resultant mnst be perpendicular to the 
plane A G, and they will be supported by the reaction of the 
plane. Hence the preHsnre R of the body on the plane wiU 
be represented by the diagonal W F of the parallelogram, and 
the three forces f , W, and B will therefore be proportional 
to WD, WE, WF, and 

P: W: : WD : WE : : ein WPD : sin DWF. 

Bntein WFD = sinFWE = sin BAG; and since tha 

weight W may be regarded as a point on the plane A 0, and 

because WF isperpendicnlarto AG, sin DWF = cos WD, 

hence 

P : W : : sin BAG : cos OWD. 
74. Cob. I.— When cos GWD = rad. = 1, then 
P: W:: sinBAC:! 

: : OB : AG, 

that is, P : W : : the height of the plane : its length ; also 

W : to pressure B against the plane : : A C : A B, 
that is, W : R : : the length of the plane : its base. 

Wh.nceP = ?^ (1) 

In this case the direction of 
the power is parallel to the 
inclined plane A C, as in 
the annexed figure, and the 
weight is the greatest that 
can be supported by the given 
power P. 

76. CoE. 2. — If the power 
act parallel to the base A B, 
ttien the angle C WD =-= com- 
plement of D W F, and 



P : W : : sin BAG : cos BAO. 

: : CB : AB. 

76. Cob. 8. — If the power act perpendicularly to the 
horizon, then the W D = 90° — BAO, therefore COS CWD 
= ain B A 0, and coneeqaeutly 

P: W::l:l,orP — W 
In this caee the weight is eutjrely supported by the power, 
and there is no pressore on the plaiie, which is also self- 
evident from the nature of forces. 

77. Gob. 4. — Hence it is easily seen that, if two weights 

balance each 

I other on two in- 
clined planes of 
the same height, 
SB in tlie annexed 
£gnre, the weights 
mast be directly 
proportional to 
the lengths of the 
planes on which they rest. 

Non. — Examples would hftve been giTen hera, m hu alreadjr been 
done afl«rthe exposition of the piinciplei of Uie otiieT mechanical powen ; 
but aa the tutdgi and the lerta are only modifications of the inclined 
place, tlie screw being ohieSy combined wiUi one or more of the othw 
mechaniool powers, it ie thought best to treat immediately of Hie prin- 
ciples of these two powers, and BftorwKrdiB to give copioua axamplea on the 
' inclined plane, which, em a power OD railways, n^ds, Ac., performa moat 
important effects, second only lo those of the steam engine. Also, pre- 
vious to giving these examples, it will be proper to eiplam the natuie and 
define tlM power of vaiiona working agents by which foioee aie imparted. 



78'. The wedge is commonly osed for separating bodies 
that are strongly bonnd or pressed together, as for cleaving 
timber, in which case it is urged by peicossion. The force 
impreesed by percussion, or a blow on the back of the 
wedge, has an effect incomparably greater than any mere 
pleasure or dead weight, such as is nsed in the other 
mechanical powers. But as the force of percnssion cannot 
be measured, we shall only here compare- its eSeots <ni 
wedges of di&rent inclinations. 
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79. If in the wedge A B C, t^ power aelmg perpendicular to 
the back AB u to tkeforcet acting perpendicular to either lida 
AC or BG as the breadth of the back A B 
it to 1^ length of the mde AC or £ 0, 
ttien the wedge wiU be in equilibrium. 

For when three forces are in eqitili- 
brinm, they are as the oorreB|>onding 
sideB of a triangle, drawn perpendicular 
to the directions in which these forces 
act. But AB ia perpendicular to <JC, the 
direction of the force against the back, 
and AC, BC are perpendicular to Qie 
forces acting against them ; therefore, if 
P ^ force on the back, and W =: pressure on AG or BO, 
then P : W : : AB : AC : : 2 sin A.Cd : 1. 
.■. P= SWsinAOi. - 

TBB BOBBW. 

BO. The screw is a spiral groove winding round a cylinder 
BO aa to out all the lines drawn on its surface parallel to its 
axis at right anglea< The screw is, therefore, nothing more 
than an inclined plane, wrapped round the surface of the 
cylinder, the base of the plane being eqnal to the circnm- 
ference of the cylinder's base, and coinciding with it, and 
the height of the plane eqnal to the distance AB between 
two of the threads. 

81. Pnop. — In a vertical screw, when there w art eqvSi' 
brium,P : W : ; i : Qrr; in 
tehich d is tfie distance between 
two contiguous threads mea- 
sured in a direction parallel to 
the axis of the serein, and 2nr 
is the circumference of the circle 
which P describes. 

For, aince 

the screw is 

nettling more 

than an in- 
pl»e 



wrapped from the cylinder (see the amall fig.), the haeo B G 
of the plane being equal to the circtunference of the cylinder's 
baee, and the height AB of the plane equal to the distance 
between two of the threads of the screw, and eince the power 
in this case acts parallel to the base, it follows from Art. 7S, 
Cor. 2, that P: W : : AB : BC : : the distance between two 
of the threads : the circumference described by the power, 
which in this case is the circumference of the cylinder, to 
which the power P is sapposed to bo applied, the weight 
W resting on the top of the ecrew, as shown in the larger 
figure. 

P : W : : AB : the circnmferenoe deaoribed by P, 
: : d : 2^r. 

82. Cob. — Instead of coneidering the screw to raise a 
weight W by acting vertically, we may suppose it to be 
apphed to prodace a pressore W in any other direction, and 
the proportion between P and W will he the same as before. 

83. Prop. — In the endless screw there mil be an eguUibriumi 
whm P : W: : rfXpXp'x/Xrfc. : 2 Trr xr'xr'xr"'xrfc., 

where d is the distance between the 
threads and 2jrr the circumference 
described by the power, as before, and 
i' , ¥', ¥" , Se., the radii of all the 
wheels, and p, p, p", <fc., the radii of 
all the axles. 

The eudlesB screw is so combined 
with tile wheel and axle, or with a 
system of wheels and axles, that the 
threads of the screw may work in the 
teeth of the first wheel, the teeth of 
the pinion of this wheel working the 
teeth of the nest wheel, and so on, 
the weight being supported by the 
axle of the last wheel. Let F = 
power produced by the screw at the 
circumference of the wheel E, the 
power P acting on the winch A. C at 

A, then, by Art. 81, 

P : F : : d : 25rr, 

and in the wheel and axle, Art. 60, 
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F : W : : ppp\&e. : rr'r", Ac. 

••. P : W : : dpp'p'\&c. : 2 ir r / 1"' r''\ &e. 

84. Cob. — ^In the figure to Art. 88, there are three wheels 
E, F, and G, and their pinions or axles, whence in the system 
referred to 

P : W :: dpp'p" : 2»-r/f^V". 

Note. — ^The number of teeth in the wheels and pinionB may be sub- 
Btituted for their radii, as in Art 61. 

Ex. 1. — ^The distance PW (fig. Art. 81) at which the power 
acts is 6 feet, and the distance between two of the threads of 
the screw is 2 inches ; what weight will a man be able to 
nd^e, when he acts at P with a force of 1^0 lbs. ? 

Here the power acts 72 inches from the centre, hence 
25rr = 2x72x 8'1416 = 452*89 inches = circumference 
described by the power ; whence, by Art. 81, 

P : W : : 2 : 452-89 in which P = 150 lbs. 
.. W = ^^^,^<^ = 88929Hbs. 

An endless screw (see last figure) is turned by a winch 
AC of 22 inches, the threads of the screw bein^ distant 
i inch ; this screw turns a toothed wheel E, the pinion of 
which turns another wheel F, the pinion of this another 
wheel G, on the pinion or axle of which is sustained the 
weight W; the radii of the wheels being 18 inches, and 
those of the pinions and axle 2 inches ; what weight will a 
man be able to sustain who acts at the handle of tiie winch 
with a force of 150 lbs. ? From Art. 84 

P = 150 : W : : J X 2» : : 2 X 8 -1416 X 22 x 18', whence 
^ ^ 150 X 2 X 8141J X 22 X m ^80280988481bs.= 

18496 tons, nearly. 

VJLUTUAL YELOOITIES. 

86. Prop. — If a power and weight be in equilibrium in any 
machine, and the whole be piit in motion ; the power : weight 
the weights velocity : the power* 8 velocity. 

One proof of this important proposition may be simply 






derived from an eniuaeiatioii of the eueB of the diflerent 
mechanical powers. 

(1.) The Uver. Let AFB be a lever, kept at rest by the 
power P and the weight W ; and let the lever move through 
a very Bmoll angle to ttie 
poeition aF b ; then A and B 
will evidently describe cii- 
cnlar arcs Aa, Bi, which will 
be as the velocities of the 
points A and B, and nlU- 
mately these arcs may be 
taken for straight lines per- 
pendicular to AB, and becanse the triangles AFa, BF6 
havd the eqnal angles at F, we shall have 
A« : B6 : : AF : FB, 
.-. P's vel. : W'b vel. : : W : P. 
(2.) In the icheel and axle, if the power be made to descend 
through a space equal to the oircnmference of the wheel, the 
weight will be made to ascend through a space equal to the 
circumference of the axle in the same time, and einoe these 
oironmferencee are as their radii, we shall have 
P'b vel. : Ws vel. : : rad. wheel : rad. axle : : W : P. 
(8.) 7n ike single moveable pulUy with parallel itringi, if 
the weight ascend 1 inch, each of the etringB is shortened 
1 inch, whence the power descends 2 inches ; therefore 
P'a veL : Wb vel. : : 2 : 1 : : W : P. 
{i.) In the system of puUeya (Art. 66), if the weight ascend 
1 inch, each of the strings at the lower block will be 
shortened 1 inch, and Uie power will descend n inches; 



IP's vel. : W'fl vel. : : n : 1 : : W : P. 
(5.) In the inclined plane, let 
the weight W be rused throngh a 
small space Ww, and let WA be 
drawn in the direction of the 
power, catiBing F to descend ; then 
Wu, uin are as the velocitMB of 
power and Weight; tberefor« 
P's vel. : W'b vel. : : Ww : w» : : AB : AC : : W : P. 
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. (6.) Inihe $creWf if the power P deseribe ^e circnmferenee 
of a eirele, the radios of which is PW (Art. 81), ^e weight 
W will be raised through a distance equal to two adjacent 
threads of the screw ; l^erefore 

Fs vel. : Ws vel. : : 25r X PW : AB : : W : P. 

86. Cob. 1. — ^Hence not only in the mechanical powers, 
tiiken singly, bat in any combination of them, we shaU have 
generally * ^ 

P'svel. : Ws vel. : : W : P. 

87. Cob. — ^The weight of a body mnltiplied by its velocity 
is called its momerUum; and it is hence evident that, in 
general, when there is an eqmlibriom, the moTnenta of the 
power and weight are equal. On this principle the power of a 
machine may be estimated, and frequently this will be found 
the simplest method. 

ON FBI0n<»7. 

88. In the mvestigations of the problems in equilibrium 
the surfaces of bodies have been assumed to be perfectly 
smooth ; but, in practice, all bodies are found to be more or 
less rough, and therefore the results that have been deduced 
will be more or less modified by the effects of this roughness, 
which produces a retarding force called friction. It has been 
found by experiment that this retarding force or resistance, 
on a given surface, is a certain proportioAal part of the 
weight of the body moved, and that it is not affected by the 
rate of motion, nor by the extent of 
the rubbing surface. Thus, if the 
weight W rest on the horizontal 
plane AB, and it be drawn hori- 
zontally by a weight F attached to 
a cord passing over a pulley P, then 
the weight F, which is just sufficient 

to draw W along the plane, will measure the friction of W on 
the plane. If W be 1 ton, then, in the case of a well-made, 
smooth Macadamized road, the resistance of friction is found 
to be about ^^ of the whole load, or F is about 75 lbs. to the 
U>n : so that a horse drawing 1 ton along such a road must 
191^ with a for^ of 75 lb9.,c.which is cidled the traction tt 
ttie Horse. ^ In the case cf a railwayi where the friction is* 
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probably the smallest in all ways, being aboht rlir of 

the weight, therefore, if W be 1 ton, then F w31 be 

W 1 

^r^^ = 8 lbs., and if - =Ti7F> then, generally, F will be = 

W 

->. The fractions ^ and tH are called the oo-efficients of 
n 

friction. 

89. If the inclination of the plane on which a body is moved 

is small, as on the ascending and descending gradients of 

railways, and the ascents and descents of common roads, the 

pressure on the plane will evidently be very nearly equal to 

the weight of the body; hence the resistance produced by 

friction may be calculated with sufficient accuracy afber the 

manner explained in the last article. 

Now, let P = power requisite to draw a weight W, in* 
eluding its friction, along a plane with a rise of h feet in 
100 feet, Q = power requisite to draw W along the plane 

exclusive of friction, and let the friction F be = — = an n 

n 

part of the weight ; required the relation between P and W. 

By Art. 74, Q : W : : ^ : 100, 

whence Q=—-; 

Ex. 1.^— If a train of 80 tons be moved along a level rail- 
way, what power will be required to overcome &e resistance 
of friction at the rate of 8 lbs. per ton, or ^ij^ of the weight ? 

Here the required power P is equal to tiie resistance of 
friction ; that is, by Art. 88, 

P = p = W^80^40_2401bB., 
n 280 

or, P = 8 W = 8 X 80 = 240 lbs. 

Ex. 2. — ^The gi^adient of a railway rises 2 feet in 100 ; 
what power will be required to draw a train of 60 tons np 
the gradient, the co-effieient of -friction being ^^^ or n =s 280? 
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By Fonn. (1), 



-. ^n + 100^ 2x280 + 100 ,^ ^^,^ ««...« 
^—Tmr^= 100x280 X 50x2240 = 26401b8. 

Es. 8. — The ascent of a turnpike road is 5 feet in 100; 
what power will be requisite to draw a load of 6 tons thereon^ 
the co-efficient of friction being t^^ orn = 24 ? 

nerel'- 100 n ^ - 100x24 ^X^^^" — 

1282 lbs. = 11 cwt. 

THE USEFUIi EFFECT OB MODULUS OF A MACHINE. 

90. The useful effect or modulus of a machine is the 
fraction which expresses the value of the work compared 
with the power applied, which is expressed by unity. Thus, 
if a machine only perform f of the work applied to it, in this 
case I of the work or power applied is lost by friction, and 
% is called the modulus of the machine. The work that is 
thus lost depends on the nature and extent of the rubbing 
surfaces. The work thus lost in the screw, the inclined 
chain-pump, &c., is very great. The following is a table of 
the moduli of machines for raising water, with examples of 
their application : — 

Inclined chain-pump ••.•.... I 

Upright chain-pump i 

Bucket wheel i 

Pumps for draining mines % 

Ex. 1. — ^A power of 150 lbs. is applied to the winch which 
turns the axle of an inclined chain-pump ; what weight of 
water will this power raise, the length of the winch being 
20 inches and the radius of the axle 4 inches ? 

By the property of the lever, or wheel and axle, in con- 
junction with the table, 

4 W = i X 20 X P, whence 

_ fx20_X_150 _ 3^ j^^ 
4 

Ex. 2. — ^The piston of a. steam engine draws the rod of a 
pump for draining a mine with a force of 6 tons; what 
weight of water wSl be raised by the piston ? 
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Here the engine is supposed to act with a lever with eqaal 
arms. 

... W=}P=}y6 = 4 tons. 



THE PRACTICAL APPLICATION OF STATICS TO THE 
WORK OF LIVING AGENTS AND TO MACHINERY. 

In applying the principles already laid down, to estimate 
and compare the different kinds of work performed under 
different circumstances, it becomes necessary to have a dis- 
tinct measure or unit of work by which the yarious results 
can be estimated and compared. 

91. The English unit of work is the power necessary to raise 
1 pound through a space of 1 foot. Thus, if lib. be raised 
1 foot either by a living agent or by a machine, then 1 
unit of work has been performed ; if 1 lb. be raised 5 feet, 
then 5 units of work have beenpeiformed; if 4 lbs. be raised 
6 feet, then 4 x 6 = 24 units of work have been performed, 
and so on. Hence the units of work performed are measured 
by product of the weight of the body in pounds^ and the space 
or height in feet through which it is raised; also, pressures or 
resistances of every kind, in whatever direction they are 
exerted, may be expressed in pounds, and therefore mea- 
sured by the unit of work here described. 

Ex. 1. — How many units are required to raise a corf of 
coals of 5 cwt. from a pit, the depth of which is 60 fathoms ? 

Weight of coals in pounds = 112 X 6 « 560 lbs. 

Depth of pit in feet = 60 X 6 = 860 feet. 

.-. the units of work required = 560 x 860 =» 201,600. 

Ex. 2. — ^The ram of a pile engine weighs 9 cwt., and it 
has a fall of 21 feet ; required the units of work exerted in 
raising the ram. 

Units of work = 9 X 112 x 21 = 21,168. 

Ex. 8. — ^How many units of work will be required to 
pump 6000 cubic feet of water from a mine, the depth of 
which is 80 fathoms ? 

A cubic foot of water weighs 62| lbs. ; hence, 
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Weight of water = 62^ x 6000 = 875,000 
.-. nnits of work = 875,000 x 80 x 6 = 180,000,000. 

Ex. 4. — ^A horse, moving at the rate of 8 miles an hoar, 
draws a backet of water weighing 100 lbs., oat of a well, by 
means of a rope passing over a palley ; reqaired the xmits of 
work done per minate. 

a :$ • X 5280X8 ^^. , . 

Space passed over per mmate = — wq — = 264 feet 

.'. onits of work per minate == 264 x 100 = 26,400. 
Ex. 5. — ^How mach labonring force will be reqaired to 
raise 1000 gallons of water from a well, the depth of which is 
50 fathoms ? 

. Ex. 6. — How many units of work will be performed by a 
man descending a mine 50 fiathoms deep, and drawing up a 
weight of 140 lbs. over a fixed palley, the man's weight being 
supposed slightly to exceed the given weight ? 

Ans. 42,000. 

8017B0B8 OF LABOUSINO FOBGE AND THS WOBX OF UCVXSa 

A0ENTS. 

92. The chief sources of labouring force are animdU^ in- 
cluding man, watery wind, and steam: the labouring force or 
work of animals varies according to the manner in which 
they exert their strength, and it is estimated by the number 
of units of work which they can raise, or move by drawing, 
or by pressure in any direction, in one minute. The follow- 
ing table shows the amount of effective work that can be 
p€^ormed by several of the most common living agents. 

Work done per minute. 

Duration of labour, eight hours per day. 

Horse-power 83,000 units.* 

A man turning a winch 2,600 „ 

drawing horizontally 8,200 ,» 

raising materials with a pulley 1 ,600 „ 

throwing earth to the height of 5 feet 560 „ 

* This is the nimiber of units of work assi^ed by Watt to a hone, 
but by recent experiments it has boon found to be considerably too 
much, I of which, or 22,000, is considered to be the work of a horse of 
average strea^th; howerer, the number giyen in the table is still 
retained by en^^ineert as the number of units of a horse's power. 
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The work of a male and of an ass are respectively esti- 
mated at f and i of that of a horse. 

Work of water. — ^When water acts on the float-hoards of a 
wheel, the quantity of work which it is capahle of performing 
is equal to the product of the weight of the water and the 
height through which it falls. 

Work of steam. — Steam acts by its elastic force against 
the surface of the vessel in which it is contained, and the 
measure of its pressure is the number of pounds it will raise 
upon one square inch. Thus, if in a steam engine the sur- ' 
face of the safety-valve be one square inch, and have a 
weight of 40 lbs. placed upon it, and the steam be just able 
to raise the valve, and to escape, the pressure of the steam 
is said to be 40 lbs. per square inch. 

Examples of manual power. 

Ex. 1. — ^How many tonSu of earth will a man raise in 8 
hours, working with a winch (wheel and axle), from a mine 
20 fatiioms deep ? 

Here the time of work is 8 X 60 = 480 minutes, hence 

Units of work per day = 2600x480 (see table). 

Units of work in raising 1 ton ] 

to the height of 20 fathoms, / = 2240 X 20 X 6 






. . 



or 120 feet 

Number of tons raised = 0040 y 20 x 6 ^ ^^^' 

Ex. 2. — ^How many cubic feet of earth of 100 lbs. per foot 
will a man throw to the height of 5 feet in a day of 8 hours ? 

^ ^ 560x 60x8 „_, 
No.c.ft.= ^QQ^g =687i. 

Ex. 8. — ^How many tons of earth will a man raise with a 
single pulley in a day of 8 hours from a mine 80 feet in 
depth? 

No.oftons = ^^QQx^QxQ =4». 

2240 X 80 ^ 

Examples of horse'poioer, 

Ex. 4. — ^How many horse-powers will it require to raise 
6 cwt. of coals per minute from a mine 100 fathoms deep ? 



CABBUOBSON BAZLWATS, ETC. '45 

Weight of coals raised per minute =: 5 x 1}^ » 560 ll>8. ' 

Depth of mine in feet » 6 X 100 = 600 feet. 

.-. miits of work per minute = 660 x 600 « 886,000. 

Now a horse does 88,000 units of work per minute (see 

table, Art. 92). 

_ ,^ 886000 

.•. Horse-powers, or HP = ^0^^^ = 10A-. 

Ex. 5. — ^How many horse-powers will be required to lift 
10000 oubic feet of water per hour from a mine 80 fathoms 
deep? 

Weight of water = 62J x 10000 lbs. 

Depth of mine... = 6 X 80 feet. 

.^ . ' 62J X 10000 X 6 X 80 
.". umts of work per mm. =■ — gg -^ 

.n^ HP - 62ixl0000x6x.80 _ 

"'^ ^ 60 X 88000 ^^^"• 

Ex. 6. — ^How many cubic feet of water will an engine of 
10 horse-powers raise per hour from a mine 80 fathoms 
deep? 

Ex. 7. — ^Required the number of cubic feet of water which 
an engine of 60 horse-powers will raise per hour from a 
mine 80 fathoms deep, supposing i of the work to be lost 
by friction. 

Ex. 8. — ^A forge hammer weighing 5 cwt. makes 60 lifts 
of 2 feet each in one minute ; what is the horse-power of 
the engine 'that' moves the hammer ? 

WOBK IN HOVINa A OABBIAGE.OB BAILWAT TBAIN ON A 

HOBIZONTAL PLANE. 

Note. — ^When a locomotive engine commences its motion, its power 
exceeds the resistance, and therefore the speed of the engine oontinnes 
to increase until the resistance becomes equal to the power of the 
engine, then the speed of the train will be uniform, which is commonly 
caUed a steady speed, or the greatest or maximum speed, the work de- 
ftroved by the resistance being now exactly equal to the power exerted 
\ty me looomotiye engine. The same may^ oe said of all otner machines ; 
and it 18 on this principle that the following investigations are made. 

98. By Art. 88, the friction on a horizontal plane is 
-, ox the nth part of the weight w of the carriage or train ; 
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- being the co*efficient of friction ; therefore the whole resist- 
ance to motiou on the plane is also s= — • Let P =5 power 

or nnits of work required to move the train» s = space in feet 
moved over in the time t in minutes, and HP = number of 
horse-powers in P ; then P = 88000 HP = units of work 

or pounds moved one foot in one minute, and ^ ss feet 

moved in one minute by the weight >, whence — x - 

n 1% t 

= units of work required in moving the carriage or 
train; 

,% P = 88000 HP = ^ X 7 

whence HP = gg^^^ (A) 

In railway calculations of this kind w and « are usually 
given in tons and miles, which are to be reduced to pounds 
and feet by multiplying them respectively by 2240 and 5280 ; 
also n is most commonly = 280 ; if, therefore, we substitute 
2240 W for w, 5280 S for s, and 280 for n, in Form. (A), we 
shall have, after reduction, 

128 W. 8 1-28 W.S ,^, 

^ = 100 t = — i — W 

HP . I 

whence W = ^^g^ (2) 

^ — 1-28 W W 

^ ^ 1-28 W , 8 ,^. 

Ex.1. — ^Required the horse-power (HP) of a locomotive 
engine, which moves with a steady speed of 50 miles per 
hour on a level railway, the weight of the train being 4{f 
tons, and the friction ^hi of the weight of the train, the 
resistance of the air not being considered. 
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By Form. (1), 
HP ^ 1-28 W.B ^ 1>28 X 45 X 60 ^ 43 horse^powers. - 

Ex. 2. — ^An engine of 40 HP moves with a steady speed 
of 85 miles per hour on a level railway; required the weight 
of the train, the friction being as usual. 

By Form. (2), 

W= ^'* = ^QX^Q = 68f tons. 
.1-28 S 1-28 X 86 ^ 

Ex. 8. — ^In what time will an engine of 60 HP, moving 
a train of 60 tons, complete a distance of 40 miles ? 
By Form. (4), 

^^ 1>28^. 8 ^ I>28x60x40 ^ eiHmin.^^lh. Wmin. 

Ex. 4. — ^How many miles per hour will a train of 40 tons 
be drawn by an engine of 86 HP, the friction being as usual ? 
By Form. (8), 

S = -^il = J^>i^ = 41 A miles. 
1-28 W 1-28x40 *^" '""«'*• 

Ex. 5. — ^To how many pounds per ton does the friction 
amount in Example 1, the engine being 48 HP ? 

By transposing Form. (A), 
1 _ 88000 < . HP . _ 88000 x 60 x 48 _ i-nfthe 
n"" W8 "" 2240x45x5280x60 '~"'' 

« 

weight of the train, or 8 lbs. per ton, the values of w and a 
being in pounds and feet respectively. 

Ex. 6. — K 4 horses draw a load of 6 tons 2 miles per 
hour on a road of which the co-efficient of friction is -aV* how 
many units of work will each horse perform ? 

By transposing Form. (A), and putting U instead of 88000, 
we shall have 

U = _i£i_= 6X2240X2X5280 _ 29568 units of work. 
ni.HP 20x60x4 ^^^^^^ 

Ex. 7. — What must be the effective HP of a locomotive 
engine which moves with a uniform speed of 50 miles per 
hour on a level railway, the weight of the train being 80 
tons, and the friction as usual ? ' An$, 82 B$. * 
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Ex. 8. — ^In what time will a locomotive engine of 50 HP, 
which moves a train of 185 tons, complete a journey of 80 
miles on a level rail ? Ans. 4 h. 86H niin. 

Ex. 9. — ^At what rate per honr will a train of 100 tons be 
drawn by an en^e of 60 HP on a level rail ? 

Ex. 10. — ^The maximnm speed of a locomotive engine of 
50 HP is 40 miles per hour on a level rail ; required the 
weight of the train. 

WOBK IN OVEBCOMINa THE JOINT BESISTAKOES OF FBIOTION 
AND GRAVITY ON AN INCLINED EAILWAT OB COMMON BOAD. 

94. Let P = power and w = weight in pounds of a carriage 
or train, and h = rise of the inclined plane in every 100 feet 

of its length; then by Art. 89, Form. (1), P = i2^+A^tc; 

and let HP, «, and t respectively represent the horse-powers, 
space in feet, and time required in moving the weight 

12?_tA^ti,, as in the last article ; then P = 83000 HP = 
100 n 

units of work in pounds, and -1 = feet moved in one minute 

t. XI. -ulOO + ^n ^ , 100 + hn ^ s 

by the weight ■ ^7^ — w ; whence ^.7^ — w x ~ = 
^ ^ 100 n 100 n t 

units of work required in moving the weight, which must be 
equal to the units of work in the power, - 

.-. P==83000HP=12?+An^X* 

100 w i 

whence HP = aOQx^n)8«; .^. 

83000 X 100 n« ^ ^ 
Now, let W = weight moved in tons, and S = space in 
distance moved in miles, as usually given in railway calcula- 
tions ; then w = 2240 W, and s = 6280 S ; these values being 
substituted in Form. (A), and n being taken = 280, as in the 
last article, there will result, after reduction, 

Tn._ 256(6 + 14^)W.S ..s 

"■ 1000 1 ^ ^ 

. ,^,, w - 1000 t . HP .ON 

whence W = ^QQ^Q^uh)^ ^^) 
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g _ 1000 t. HP .Q. 

"" 256 (5 + 14 A) W ^^ 

_ 256 (5 + 14 A) W . S . . V 

"" 1000 HP ^^ 

, , 1000 t . HP - 1280 W . S ,^. 
"^^ ^= 8584W.B ^^^ 

Note. — In all these foimnlse h must be taken negatively, -when the 
weight of train descends the plane, in which case gravity assists the 
moving power ; it also appears that when h is negative and equal ^ of 
a foot, then no power is required to move the train, for the value of 
HP vanishes, smce in this case 5 -^l^ h becomes = 0. 

Ez. 1. — ^A train of 40 tons ascends a railway gradient, 
rising 2 feet in 100, with a nniform speed of 15 miles per 
hour ; required the HP of the locomotive engine, the friction 
being as nsual. 

By Form. (1), 

gp_ 256(5 + 14A)W.S _ 25 6(5 + 28) X 40x15 ^^Axjt 
1000 1 1000 X 60 "" *^* 

Ex. 2. — ^Required the HP, as in the last Example, whmi 
the weight of the train is 60 tons, the rise 1 in 200 or i in 
100, and the rate of motion 80 miles per hour. 

Ans. 92A HP. 

Ex. 8. — ^An engine of 75 HP ascends a gradient, rising | 
in 100, with a nniform speed of 20 miles per hour ; reqnirecl 
the weight of the train. 

By Form. (2), 

W ^ 1000 1 . HP _ 1000 X 60 X 75 _ ^^ - . 
"■ 256 (5 + 14^) S "■ 256 (V + 5) X 20 "" ' ^^' 

Ex. 4. — A train of 120 tons descends a gradient, rising ^ 
in 100, with a nniform speed of 50 miles per hour ; what is 
the HP exerted by the engine ? 

Here h must be negative, because the train descends the 
gradient; hence 
By Form. (1), 

^^_256( 5— 14fe)S.W _ 256(5^|)x50xl20 _^Q, 
^ 1000^ 1000 X 60 ^^^' 

Ex. 5. — ^A train of 50 tons ascends a railway gradient, 

P 
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having ft rise of 1 in 600 ; what is the apood of the engme 
when its HP = 40 ? 

By Form. (8), the speed is found (very neatly) = 26^ mileB 
per honr. 

Ex. 6. — ^At what rate per honr will a train of 60 tons be 
drawn by an engine of 60 HP up a gradient rising 1 in 800 7 

Ex. 7. — ^An engine of 40 HP draws a train of 60 tons, 
with a uniform speed of 26^ miles per hoar up a gradient ; 
required the rise per cent, of the gradient. 

By Form. (6), the rise of the gradient is foond to be very 
nearly i per cent. 

FDSOXB AcmNd m ant dibection in thb SAiia piiAns oh a 
Biom boot. 
(A.) Peop. — To find the resultant of any number of force* 
acting in the tame plane on a rigid body. 

Let P, P*, &c., be any number of forces, acting in the direo- 

tions P Q, P' Q', 4c., on 

the body in the plana 

X k. y; let A ic, A y ha 

drawn in this plane at 

right angles to each other ; 

and let x, y; x'jif, &e., 

be the co-ordinates of the 

points M, M', &c. ; also, 

let a, a, &a., be the angles 

at which the forces F, P*. 

£o., are inclined to the 

axis A X, at Q, Q', &c. 

Now let each of the forces 

P, F, Ac, be resolved into two others X, Y; X', Y', Ac, 

parallel to the axes A a;, A y ; then there will resolt 

X = P COB o, X' = P" COB a', &o. ; 

and Y = P sin a, Y" = F sin o', &c. 

Let X, be tbe resultant of the first set of forces, and m 

its distance firom the axis A x ; and let Y, be the resultant of 

the second set, and n its distance from the axis Ay, then by 

Art. 20, there will result 

X, = X + X' + Ac. 
Y, = Y + Y* + 4c. 
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Y, n^Y x + Taf + &c. 

From these four equations X,, T,, m, n, can be deter- 
mined. Take A = m, A B rz n, and draw S, T B re- 
spectively parallel io A X, A y ; then the forces X,, T,, acting 
in the directions S, T B, may be assumed to act at their 
point of intersection D ; now let B be their resnltant, and ^ 
the angle which its direction makes with the axis A a ; then 
we shall have 

R = V (X,» + Y,*), 

Y 

and tan ^ = _i ; 

whence the position and magnitude of the resultant of all the 
forces P, F, F', &c., becomes known. 

(B.) Cob. — ^When there is an equilibrium among the forces 
P, F, F', &c., one or more of tiiem must act in contrary 
directions to the others, in which cases the sines and cosines 
of their directions must be negative according to the qua- 
drant in which they fall, as estimated from the axis A x. 
Hence it is evident that, in this case, 

R = v' (X,* + Yj*) = 0, and consequently 

X, = 0, and Y, = 0, or 

X + X' + &c. = 0, and Y + Y + Ac. =0. 

Ex. 1. — ^A B D is a square, the side of which is 20 inches ; 
imd four forces of 8, 10, 12, and 16 cwt. act in the plane of 
the square at the points A, B, C, D, and make respectively 
with A B the angles 80^, 46°, 60°, and 160° ; what is the 
magnitude and position of a force which, acting on A B, shall 
keep the square in equilibrium ? 

Am. Force 80*096 cwt., acting at an angle of 78^ 18^, and 
at a perpendicular distance of 11*86 inches. Form. (A). 

Ex. 2. — ^Required the same as in the last Example, when, 
instead of a square, the figure is a rhombus, the acute angles 
of which are each 60°. 

Ex. 8. — ^If any number of forces, in the same plane, act on 
a point and keep it at rest, they may be represented by the 
sides of a polygon taken in order ; required the proof. 

d2 
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(C.) Pkop. — To find the resultant of any cfiven number of 
forces, acting in laiy given directiom upon a point. 

liet A P be any force acting at the point A ; from A draw 
tbb three rectangnlar co-ordinateB A x, A y, Ac, and complete 
the panillelopiped A P ; join PB, A m ; then m B is a paral- 
lelogram ; hence the force 
A P, acting at the point 
A, may be resolved into 
two forces represented 
by A B, Am, acting at A ; 
also, because C D is apa- 
rallelogram, the force Am 
may be reaolved into the 
two forces A C, A D, act- 
ing at A. Thna the force 
A P ia resolved into the 
three forces A B, A G, 
AD, acting in the direc- 
tions of the three co- 
ordinates. — Let A P be represented by Q, and let a, fi, y be the 
angles which AP makes with A ar, A y, A 2 respectively ; then, 
becanae AB is perpendicnlar to the parallelogram PB, it is 
also perpendicnlar to the line PB, and .'. AB = APcosa^ 
Q cos a ; similarly, too, A C = Q cos /3, and A D = Q cos 7. 
— Now, let Q', Q", &c., be any other forces acting at A, and 
making with A x angles a', a", &c. ; with A y angles ^, fS" , 
&c. ; and with A « angles y, y", &c. ; then, if all Uiese forces 
Q', Q", &t., be resolved each into three others acting at right 
angles to each other at A, and if we make 

Q cos o -f Q' cos o' + Q" COS a" + Ac. =: X, 
Q COB j8 -f- Q* cos jff + Q" COB ^ + ftc. = Y, 
and Q coa y -I- Q* cos y -{- Q" cos y" + 4c. = Z, 
X, Y, Z will be respectively equal to the enm of the resolved 
forces, acting in the directions of A «, A ^, A z. Now let 
B be the resultant of X, Y, Z, and n-, p, o- the angles it makes 
with A. x, A. y, A. n ; and let it now bis aBsnmed that A B, 
A 0, A D shall represent X, Y, Z ; then we shall have 
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A B» + A C« + A D«; whence 

R = >/(X» + Y» + Z«) (1) 

also A B = A P cos tt = B cos tt, A = B cos p, and 

A D = B cos IT ; whence 

X Y Z 

cosw = g, cosp = g, cos<r = g. (2) 

(D.) Cob. l.— Since B^ = X» + Y» + Z^ = B» cos'^ » + 
B* cos' p + B' cos* <r, there results 

cos' v + cos' p + cos' <r = 1. (3) 

Therefore only two of the angles tt, p, o- are required to deter- 
mine the position of the resultant A P. 

The equations (1) and (2) are available to find the magni- 
tude and position of the resultant B of three forces, acting 
on a point at right angles to each other ; which equations are 
usually given for this purpose in works on mechanics. 

(E.) Cob. 2. — ^When there is an equilibrium, we shall have 

B = ^(X' + y -f Z') = 0, 

consequently X = 0, Y = 0, Z = 0, as in former cases. 

(F.) Pbop. — To find the resultant of any given nurriber of 
parallel forces, acting on a rigid body, and not in the same 
plane. 

This may be most readily done by finding the resultant of 
any two of the forces (Art. 20), then by considering this re- 
sultant as one force, and next finding the resultant of this 
force and a third force, and so on till the resultant of all 
the forces be found. 

(G.) Pbop. — To determine the conditions of equilibrium of 
any number of forces, acting in any directions on a rigid body. 

Let P, F, F', &c., be the forces, acting upon a rigid body 
at the points Q, Q', Q", &c. ; and let A a;, A ^, A ;;; be three 
axes at right angles to each other ; x,y,z the co-ordinates 
of the point Q ; of,}/, z' those of the point Q', and so on. 
Also let a, j8, y ; a , P, y, &c., be the angles which the direc- 
tions of the forces P, F, F', &c., make with lines parallel to 
Ax, Ay, A z, respectively. Now, let the force P be resolved 
into three others, X, Y, Z, parallel to the three axes ; similarly 
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let tlie foroa V be reBoIved into the three forces X', Y, Z' ; and 
BO on. Thns the forces P, P", Ac, may be reaolved into 
three aets of forces, acting at the points Q, Q*, &o., and 
parallel to A x, A y, A «, reepectivel; ; whence the conditions 
of eqoilibriiun may he readily fonnd, as in Articles A and C, 
and consequently the magnitude and position of their re- 
Boltant. 

fROBLEUB OF ALL THE FBECISDINa ASTIOLES. 

(H.) Peob. 1. — A bar of iron A B, 12 feet long, reaing on 
a ledge atB, is tupported in a horizontal position at the other 
end A by a chain A C, fastened to a hook at C, which is 10 
feet directly above B ; a weight Yf of 12 cwt, is suspended 
from the beam at E, 8 feet from B ; required the tmston of 
the cord, the weight of the iron bar being 4 cwt. ^ v. 
Perpendicular to A C draw B D, which is readily found 
to be 9-6 feet, which is tlie per- 
pendicular distance, from the ful- 
crum B, of the force or tension 
acting in the direction A C ; and the 
weight of the iron bar acts at its 
centre of gravity G, the middle 
point of A B. Now, pat T = tension 
of the chain ; then, either by the 
property of the bent lever (Art. 46), 
or by the equality of moments, we 
shall have 
BDxT = BExW-i-BGx«' = BExW4.iABx«', 

(I.) Pbob, 2. — Required the weight W, in the last Problem, 
which will be necessary to break the chain A C, when it can 
jnst sustain 2 tons or 40 cwt. 

By transposing the formula in the preceding problem, there 
will result 

„ BDxT — iABxw_ 9:6x40-6x4 _.-,. 
^ = BE = 8 =*6cwt. 

(J.) Pbob. 8. — A c<m» B C, of given dimmsions and 
weight, rests oh one edg» of it* bate at B, on Ae h4>ritotUal 
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plant A E, and it siatamed by the eord AC; note A 
and A B are given to determine the temion of the cord A C. 

From B draw B D per- 
pendicular to AG, and from 

G, the centre of gravity of 
the cone, draw G E perpen- 
dicnlar to A E ; then B D, 
B E are respectively the per- 
pendicnlar distances from 
the Mcmm B, at which 
the force of tension on A C 
and the weight of the cone 
act ; whence, hy the property of the bent lever, 

B D X tension on A C = B £ x wt. of oone, 

. . . „ B E X wt. of cone 
,'. tension on A C = ; 

in which B D and B E are readily fonnd by geometry, the 
didtance of G from the baae of the cone being ( of ita height 
(Art. 114). 

(E.) Pbob. 4.— a and B are two fixed pointt, and W is a 
weight tiupended at a loop C in the cord ABC; it m reqvired 
to find the tendon» on the parts AC, B C of the cord. 

The point C of the cord is kept at rest by three forces or 
tensions; i.e., the weight W 
acting by the cord C W, and 
the tensions or forces of the 
coids C A, C B acting in the 
directiona of the cords. From 
any point c in the line C W 
prolonged, draw cb,c a parallel 
to A, C B respectively. Now 
that the weight W may be sup- 
ported in equilibrium, the re- 
sultant of the tensions of the 

cords C A, C B must be in the vertical direction c C, and 
must be equal to the tension exerted by W, and the tensions 
of the cords G A, C B will be respectively a, C 6 (Art. 11^. 
Hence, if P and Q represent the tensions of the cords C A, 
B, we shall have • 
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P:Q:W::Cn:C6:Oc::sinBCc:8iiiACc:ACB, 
whence P and Q become known, 

(L.) Cob. — If the figure be inverted, and A C, C B repre- 
sent two props Bnpporting a weight at C, the preesureB on the 
two propH will evidently be the same aB the tensionB of the 
cords which have been just determined. 

(M.) Pkob. 6. — A cord A B G D Aas ifer endi A, D fixed, 
and at two loops B and G are suspended two vieighu W and 
W; required the conditions oj equilibrium. 

Let the cord make with 
the vertical lines at the poiuts 
B.C.theauglea a,a',andy3,^ 
respectively ; and let B be the 
tension of B C, which will 
evidently be the same both 
at B and C. The point B is 
kept at rest by three forcea 
or tensions, i.e., the weight 
W, the tension A in the di- 
rection A B, and the tensionB in the direction B C. Whence 
hy Art. K., 
fr : B : : sin A B C : sin A B W : : Bin {a -(- a) ; sin a 
Hence W = BBin(a + °') =. b sin a' (cot a -|- cot a*). 
In lite manner we shall have for the point C, 
W = B sin y3 (cot /3 + cot ^ ; 
and since j3 is the supplement of a, sin j8 = sin a, therefore 
W : W : : col a -f cot a : cot y3 + cot ^. 
In a similar manner we should find that, if there were 
more angles, the weights would be proportional to the sum of 
the cotangents of the angles which the supporting cords make 
with a vertical line, 

Non.— A cctd, when kept at rest in this way, ia called %/mieul» 
polygM. « 

Problem* for Exerciu. 
Pftos. 6. — ^The height of a cone is double the diameter of 
its baae ; what is the inclination of its axis with the horizon 
wh«n it is on the point of falling ? Am, 46°. 
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Pbob. 7. — The ends of a cord 10 feet long are fastened to 
two fixed points A and B, 6 feet apart, and in the same 
horizontal line ; where must two weights in the proportion of 
8 to 5 be hong on the cord, so that, when at rest, they shall 
be in the same horizontal Hne, at a distance of 8 feet perpen- 
dicularly below A B ? 

Ans. 8 feet li inches, and 8 feet 4f inches from the 
ends of the cords. 

Pbob. 8. — ^Required a solution to Prob. 8, when a given 
weight is suspended to the vertex of the cone. 

Pbob. 9. — ^Two uniform beams of equal length are con- 
nected by a joint at one extremity, and placed across a given 
cylinder ; required their position when in equilibrium. 

Pbob. 10. — ^How many tons of coals '?nIL a man, working 
with k wheel and axle, draw in a day of 8 hours &om a mine^ 
the depth of which is 165 feet ? 

Pbob. 11. — How many cubic feet of water will a man raisd 
in a day of 8 hours by a pump to the height of 85 feet, sup' 
posing that he can perform 2500 units of work exclusive of 
the friction of the pump ? 

Pbob. 12. — ^A train of 80 tons ascends a gradient rising 
1 in 100; required the maximum speed, the engine being 
of 60 horse-power. 

Pbob. 18. — What power does the engine exert, and in 
what direction, when the train in the last example descends 
the gradient with a constant speed of 45 miles per hour ? 

Pbob. 14. — The area of the piston of a high-pressure en- 
gine is 1200 square inches, the length of the stroke 8| feet, 
and the pressure of the steam upon the piston 82 lbs. per 
square inch, and the number of strokes per minute 18 ; re- 
quired the number of cubic feet of water which the engine 
will raise from a mine 60 fathoms deep, the friction being 
estimated at 1 lb. per square inch plus the pressure of the 
atmosphere* 
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THE CENTEE OP aRAVITY. 

95. Def. — The centre of gravity of & body or iiystem of 
todies ia that point on which the body or ayBtem will balance 
itself in any paeitioii whatever ; or it ia that point, which 
being anpported, ihe body or system will be also siqiported ; 
hence the whole weight of a body may be coneidered as col- 
lected at ite centre of gravity. 

96. The centre of gravity of a body is not always situated 
within the sabetanoe of the body. Thas the centre of gravity 
of a bow is somewhere in the oonoavity of the bow, and not 
in its substance, and the centre of gravity of a ling ia in the 
centre of its circnmscribing circle. 

97> FsoF. — If a. body be tuepended at any point, it wiU 
not renuan at rett tHi the centre of gravity be in a vertical 
Une pamny through the point of etupensiatt. 

Let 8 be the point of snspansian of the body S B T, G its 
centre of gravity ; than the effect of the weight of the body 
to pat it in motion is the same as if its 
matter were collected at Q. Join S O, 
and prolong it to E, through 8 Q 
draw S T, Q g perpendioolar to the 
horizon ; take G ^ to represent tho 
weight of the body, draw g K perpen- 
dioulaT to 8 E, and complete the paral- 
lelogram G E ^ H. Then the force or 
weight G i; is equivalent to the two 
forces G E, G H, of which G E is sus- 
tained by the reaction of the fixed 
point 8, and G H tends effectively to 
move the centre of gravity in a duec- 
tion perpendicular to 8 G, therefore 
the point G cannot remain at rest till G H vanishes, that 
is, when 8 G coincides with 8 T, 

98. Cob. 1.— When G ia in the vertical line 8 T, below ' 
the point of smpension 8, the weight of tie body will be 
effective in drawing the point 8. But if G be in S T above 
B, the body will produce a presmre on 8. In both oasea the 
body will be at rest ; bnt there ia this important difierenea 
In the two oases, for if the body be moved from the position 
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of rest in the former case, it will have a tendency to return 
to it ; bnt in the latter case, if the position of the body be the 
least changed, it will tend to move farther from its position 
of rest. Iq the first case it is called stable eqoilibriam, and 
in the second unstable eqoilibrinm. 

99. Cob. 2. — ^If the body be suspended by a cord P S, 
when there is an equilibrium the line P S will be vertical, 
and will pass, when prolonged, through the centre of gravity 
of the body, which centre will evidently descend to the lowest 
point. 

100. Cob. 8. — ^Hence the following experimental method 
of finding the centre of gravity. Let Uie body be suspended 
by a string, and be at rest, then the centre of gravity will be 
somewhere in the vertical line passing through the point of 
Buspension. Again, let the body be Baspended from some 
other point, then a vertical line drawn through this point 
will also pass through the centre of gravity, which is, ijiere" 
fore, in the intersection of these two lines. 

101. Cob. 4.> — ^If a body be at rest upon a plane, whether 
horizontal or inclined, and if a Hue, drawn perpendicular to 
its centre of gravity, fall within its points of support, or 
within its base, the body will be at rest ; but if the perpen- 
dicular fall without the points of support or base, the body 
will fpill. For, since all the matter of the body may be con- 
sidered as collected in the centre of gravity, in the former 
the body is supported, and in the latter not supported. 

102. Cob. 5. — ^In like manner, it is evident, that if a body 
be placed on an inclined plane, and be prevented from sliding 
by friction, the body will rest or roll down the plane, accord- 
ingly as the vertical line passing through the centre of gravity 
falls within or without the base. 

TO FIND THB GENTBES OF OBAVITY OF OEBTAIN BODIES 

OEOMETBIOALLY. 

108. Axiom. — The centre of gravity of a material straight 
line of uniform thickness and density is in the middle of the 
line. 

104. Pbop. — To find the centre of gravity of a triangle 
ABC. 

Bisect A'B, A in M, N ; join C M, B N, cutting each 
other in G ; then G- is the centre of gravity of the triangle. 
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For the trinngle may be coDBJdered to be composed of lines, 
of uniform thickneBS and density, 

I drawn parallel to A B, saclt &&ab', 
then by eimilar triangles, 
AU: am :: CM : Cm :: BTd-.bm, 
and A M = B M, therefore am := 
b m ; hence the line a b will batanee 
itBoIf on C M. Similarly every other 
line parallel to A B will be in eqni- 
librinm on C U ; therefore the whole 
triangle ABC will balance itaelf on C M, and consequently 
the centre of gravity of the triangle is in-C H. In like 
manner it may be proved that the centre of gravity of the 
triangle ie in the line B N ; therefore Or, the point of inter- 
section of C M, B N, is the centre of gravity of the triangle. 
Join M N ; then, since AU: = UBandAN = NC, UN 
is parallel to B C ; therefore, 

B0:MN::AB:AM::2:1; 

also the triangles B C, H G K are similar, and 

Ca:aM::BC:UN::2:l 

.-. C G = 2 M a, and consequently G M = 8 Q M, 

which determines the position of the centre of gravity of the 

triangle. 

105. Cob. — In the same manner the centre of gravity of 
a parallelogram may be fonnd by bisecting all its four sides, 
and joining the points of bisection of the opposite sides ; the 
intersection of these joining lines will be the centre of gravity 
required. 

106. Pbob. — To find the centre of gravity of taio bodies A 
and B, connected by an inflexible line A B tcitkout weight. 

Divide A B in G so that A : B : : G B ; G A ; then G 
is the centre of gravity. For, if G be 
the fiilcmm of a lever A B supporting 
the bodies A, B in equilibrium, the 
above proportion will hold, Art. 42; 
therefore G is the centre of gravity. 

107. Cob. 1.— Hence A + B:A::AB:GB. 

108. Cob. 2.-— Qence the centre of gravity of any number 
of bodies conoeoted by inflexible right lines without weight 
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may be found. Let A, B, C represent three bodies of which 

the centre of gravity is required; join 

any two of them, as A and B, by the ■ 

line A B ; which divide in g, by Art. I 

107, Cor. 1, BO that A + B : B : : I 

A B : A3; then g will he the centre I 

of gravity of A and B. Now sup- I 

pose the snm of the hodios A and B | 

to be collected at g ; join g and C by 

the line g C, and divide it at G, bo that A + B + C ; C : : 

^ C : ijr Q ; then Q will be the centre of gravity of the three 

bodies A, B, and C. 

109. CoR. 8. — In like manner the centre of gravity of any 
nnmber of bodies may be found, by finding, ae in the preceding 
Corollaries, the consecntive centieH of gravity of 2, 8, 4, &e., 
bodies. 

110. Cob. 4. — ^If all the bodies be in a right line, their 
common centre of gravity may be found by finding, the fnt- 
crom on which they will all be in equilibrium, as in Art. 47. 

111. CoE. 6. — Hence the centre of gravity of any plane 
rectilineal figure may be found by dividing it into triangles, 
and first finding the centres of gravity of each of the tri- 
angles ; and supposing each of them to be collected at its 
centre of gravity, the centre of gravity of the whole will be 
fonnd by Art. 108 and 109. 

112. Prob. — To find the centre of gravity of any irregular 
plane figure A F/ a. 

Divide the base A F into any I 
nnmber n d{ equal parts, in A, B, I 
C, &c., and draw the ordinates I 
Bb, Ge, &c., at right angles to I 
A F ; then, if the ordinates he suf- I 
ficiently near to one another, the | 
parts a b, be, c d, &c., may be re- 
garded as straight linee without material error. Notr, con- 
ceive the diagonals a B, 6 C, c D, &c., to be drawn, then the 
figure will be divided into 2 n triangles ; and pntting A a ^ 
a,Bb = b, &c., and A B =: B C = 4c. = S, the areas of 
these trian^es will he 

iah, ibk, j,bh, ich, ich, ^dh,^dh,&e., 
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and the distances of the centres of gravity of these triangles 
from A a are respectively, 

and multiplying each of these areas hy the distance of its 
centre of gravity from A a, and adding them together, there 
results 

Now put the distance of the centre of gravity of the whole 
from Aaz=x; then the sum of the products just found 
will he equal to the area of the whole figure x a? = 
« X^h{a + 2b + 2c + 2d + -/). Hence 

^-Q^ ft + 2g + 8(^ ^nf+ ija-'J) 

a + 2b + 2c / 



OENTBES OF GBAVITT OF DIFFEBENT BODIES. 

(See Integral CcdcuLus. Weale*s Elementary Series.) 

118. The centre of gravity of a cylinder, prism, or any 
other body, the parallel sections of which are equal, is in the 
middle of the axis of that body. 

114. In a cone or any other pyramid, the distance of the 
centre of gravity from the base is ^ of the axis. 

115. In a conic frustum, or in the frustum of any regular 
pyramid, the distance on the axis to the centre of gravity 
from the less end is 

where L denotes the length or axis, and B and r the radii of 
the greater and less ends in the conic frustum, or the sides 
of the two ends in any regular pyramid. 

116. In the paraboloid the distance of the centre of gravity 
from the vertex is f of the axis. 

117. In the frustum of the paraboloid, the distance on the 

2 R' 4- r* 
axis from the centre of the less end is i L . ._—— E.-.^ 

R' -f r* * 

where L is the axis and R and r the radii of the greater and 
less ends. 
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118. In a hemisphere the distance of the centre of gravity 
ie f of the radius from the centre. 

Examples for practice. 

Ex. 1. — ^The weights of two bodies are 5 and 2 cwt., and 
their distance apart 21 feet; at what distance from the 
larger body is their common centre of gravity ? 

By Art. 107. 6 + 2 : 2 : : 21 : 6 feet. 

Ex. 2. — ^If three equal bodies, considered as points, be 
placed at the three angles of a triangle, then the common 
centre of gravity of these bodies is the same as that of the 
triangle ; required the proof. 

Since the bodies A, B, and are all equal, the centre of 
gravity of two of them, as A, B, will be at g, the middle 
point of the side AB ; then two bodies must now be con- 
sidered as collected at g, and let ^ be joined ; then by Art. 
106, A + B(=2C) :C :: CG:G^::2: 1; hence 
GG = 20g = fCg; .-.by Art. 104, G is the centre of 
gravity of the triangle ABO. 

Ex. 8. — ^Four bodies, considered as points, the weights of 
which are 6, 8, 10, and 12 lbs., are placed at the successive 
angles of a square whose side is 8 feet ; required the distance 
of their common centre of gravity from the largest body. 

Ex. 4. — ^Two spheres of given diameter touch one another 
internally; required the centre of gravity of the solid in- 
cluded between the surfaces of the two spheres. 

Ex. 5. — ^An iron rod of uniform thickness, 8 feet in length 
and weighing 80 lbs., has a weight of 60 lbs. suspended at 
one end ; what point in the rod will be the centre of gravity ? 

As the rod is of uniform thickness, its centre of gravity is 
at its middle point, that is, 4 feet from the point where the 
weight is suspended ; whence 

80 + 60 : 60 : : 4 : 1^ feet from the middle of the bar 
towards that extremity at which is the 60 lbs. 

Ex. 6. — One of the sides of a given right-angled triangle 
rests on a horizontal plane, and Uie other side is vertical ; 
required the greatest isosceles triangle which can be described 
on the hypoSienuse as a base, so tibat the whole figure shall 
not fall. 
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Ex. 7. — ^The height of a cylinder is doable the diameter 
of its base ; required the angle of inclination of its base with 
the horizon, when it is just ready to fall. 

Ans, 26° 86' very nearly. 

Ex. 8. — ^Seven equal weights are placed at seven of the 
angles of a cube ; required the distance of their common 
centre of gravity from the remaining angle. 

Ex. 9. — ^A hemisphere and a cone abut from a common 
base ; required the centre of gravity of the solid included by 
their surfaces. 



Part II.— DYNAMICS. 

DEFINITIONS. 

119. Ih/namic8 treats of the action of forces producing 
motion, and of the laws of motion. 

120. Motion is the act of a body's changing its place ; and 
is divided into two kinds, absolute and relative. 

A body is said to be in absolute motion when it is trans- 
ferred from one point of fixed space to another ; and to be in 
relative motion, when it changes its situation with respect to 
surrounding bodies. 

121. Uniform motion is when a body passes over equal 
spaces in equal times. 

122. Accelerated motion is when a body continually in- 
creases its motion over successive portions of space in equal 
times. Retarded motion is the reverse, i.e., when the spaces 
described continually decrease. 

128. Velocity is tiie degree of swiftness or slowness of a 
body's motion, and it is measured by the space uniformly de- 
scribed in a unit of time, as in one second. 

124, The momentum of a body is the product of its velo- 
city and quantity of matter, which last is the compound 
ratio of its density and magnitude. 

126. Accelerating force is measured by the velocity uni- 
formly generated in a given time, without regard to the 
quantity of matter moved. 

126. Moving force is measured by the momentum uni- 
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formly generated in a given time, and it is equal to the pro- 
duct of the accelerating force and the quantity of matter. 

127. Let s be the space described in the time t, with the 
uniform velocity jp ; then by Def. 123, 

8=ztVf whence « = -, and r = -. 

V t 

Thus, if a body move uniformly at the rate of 5 feet per 
second, and is 2 minutes or 120 seconds in motion ; then 

« = tf7 = 6 X 120 = 600 feet, 

the space or distance passed over by the body. 

128. Let M be the momentum of a body, W its quantity 
of matter or weight, and v its velocity ; then by Def. 124, 

M M 

M = Wi;, whence W = ~, and f^ = ;=. 

V W 

Thus, if a body weighing 20 lbs. moves with a velocity 
of 6 feet per second, then 

M = Wr = 20 X 6 = 120 = the momentum. 



Newton's laws of motion. 



129. First. A body in motion, and not acted upon by any 
external force, will move with a uniform velocity in a straight 
line. 

130. Second, When a force acts upon a body in motion^ 
the change of motion in quantity and distance is the same as 
if the force acted upon the body at rest. 

131. Third, "When pressure produces motion in a body, 
the momentum generated in a given short time is propor- 
tional to the pressure. 

132. These three laws of motion are the simplest prin- 
ciples to which d3rnamics can be reduced, and on them the 
whole theory rests. These laws, however, do not admit of 
accurate proof by experiment, on account of the many causes 
of error, which it is impossible to exclude ; but are firmly 
established, from the following considerations. By assuming 
these laws to be true, and applying them to the investigation 
of the motions of the heavenly bodies, innumerable accurate 
results Jiave been deduced, by operations more or less com- 
plex ; and these results have, in every case, been found to 
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agree with aotoal observation: it follows, therefore, that 
these laws mast be true. 

183. Prop. — When the force accelerates uniformly, the 
velocity generated in a giveji time is eqtud to the product of the 
force and tiine. 

Let/ be the accelerating force ; then/ = velocity gene- 
rated in one second of time ; and, since the force is uniform, 
/ will also be the velocity to be added in the end of the next 
second ; hence 2/ wUl be the whole velocity generated in 
two seconds. Similarly 8 /will be the velocity at the end 
of three seconds ; and generally t/ will be the velocity at the 
end of t seconds ; therefore, patting v = velocity, there 
resalts 

v:=.fty hence *=^. 

Thas, if / = force of gravity at the earth's sarface = 
82i feet, and the time of motion be three seconds, then 

V :=zft = 82i X 8 = m\ feet. 

184. Prop. — If a body be urged by a constant and uniform 
force, the space which it describes, from the beginning of the 
motion, is equal to half the product of the force and the square 

of the time, 

« 

Let the time be divided into an indefinite namber of eqaal 
parts ; then, in each of these equal parts of time, the space 
described will be equal to the velocity gained ; that is, by 
Art. 183, = force multiplied by the time irom the com- 
mencement of motion ; and the sum of all these spaces, or 
the whole space passed over, will be equal to the force mul- 
tiplied by the sum of all these equal parts of time from the 
beginning of motion. Put t = whole time, s = the whole 
space described, and/.r= force; then 

«= (1 + 2 + 3-1-4-1- &c....t)/. 

But the sum of the arithmetical series 1 + 2 + 8 + 4 + 

&c....^ IS = —5 — t; therefore, s = — ^tfi but when t 

is indefinitely great compared with the indefinitely small 
parts or units into which it was assumed to be divided, we 
shall have ultimately 
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2 
therefore « =: i l>/ ; 

whence i =r %/ -- , 
and /= 

186. Cob. — Since vz^/ty t=z—^ whence, 
by substitationy s = |^ £>/ = , 



therefore 9 = %/ 2 s /. 

136. Prop. — If a body, urged by a constant and uniform 
force J move through any given space, it wiU move through twice 
that space in the same time by the velocity acquired* 

For, by Art. 133, v znft, and by the last Art. « = 
i t^f=^ it xtf; therefore, by sabstitution 8=iitv; but 
the space described in the time t with the last velocity v is 
t V ; therefore, the space described by the last velocity is 
twice the space described in the same time by the accelerat- 
ing force. 

187. Prop. — ^When a body is projected with a given velo- 
city y, and acted upon in the same direction by a constant 
force/: to find the space s described in the time t. 

By Art. 135, the space described in the time t by the velo- 
city y = Y t ; and by Art. 134, the space described in the 
same time by the constant force /will be =z|t*/: but by 
the second law of motion, when any force is exerted on a 
body in motion, the effect is the same as if it acted upon a 
body at rest ; therefore, the whole space described wiH be 
equal to the sum of the spaces described by each motion 
separately; consequently 

8=:Yt+it^f=(V +itf)t. 

188. Cob. 1. — ^If the body be projected in a direction 
opposite to that in which the force acts, we shall have, for a 
like reason, 

«=:(yt-tt»/) = (V-i«/)<. 
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189. Cob. 2. — In the same manner it may be proved that 

when the body is projected in the direction of the force, and 

t; = V-t/, 

when projected in the opposite direction. 

140. Gravity at the earth's surface, or terrestrial gravity, 
is that force by which bodies are nrged towards the centre 
of the earth, and it is measured by &e velocity it generates 
in a second of time. Experiments show that a falling body 
descends 16iV f^et in the first second, neglecting the resist- 
ance of the air, and that it has then acquired a velocity of 
2 X 16i\ = 82i feet, which is the true measure of the force 
of gravity ; this quantity is usually represented by the letter 
^, which being substituted for/ in the formulad of Articles 
184 and 185, there will result 

'» = ilft' = ^ = ^lv, (1) 
V^s/^iz=2gt = ^, (2) 

V 

and t = -v/ — = — =: — . (8) 

Ex. 1. — ^Find the space through which a heavy body falls 
in 10 seconds, and the velocity acquired, g being = 82^. 

Here a = i^«* = J X 82i X 10* = 1608^ feet, the space, 

and t? = 2 ^ « = 2 X 82i X 10 = 648i ft. the vel. per second. 

Ex. 2. How far must a body fall to acquire a velocity of 
120 feet per second ? 

Here « = ^ = ?^ = 228* feet. 
2g 641 

Ex. 3. — What time will a body be in falling through a 
space of 100 feet ? 

Here t = ^/ _ = i/ — - = 2i seconds nearly. 

9 82i 

Ex. 4. — ^How far must a body fall to acquire a velocity of 
1000 feet per second ? 
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Ex. 6. — An UTow, shot peipendionlarly npirardB, retnrnod 
again in 10 seconds ; required the velocity with whioh it was 
shot, and the height to which it rose, taking g = 82^. 

An*. Velocity^ 161 feet ; height = iO^ feet 

Ex. S. — ^A body is projected vertically with a velocity of 
1000 feet per second ; required its situation at the end of 
10 seconds. 

Ex. 7. — With what velocity most a body be projected 
downwards, from a height of 160 feet, that it may pass over 
that space in 2 seconds ? 

This is done by Art. 1S7, and the vel. is found to be 42} ft. 

Ex. 8. — If a body be projected perpeudicQlarly down- 
wards with a velocity of 60 feet per second, where will the 
body be at the end of 10 seconds ? ^n^. 1429^ feet. 

Ex. 9. — ^A stone is dropped into a well, and after 8 
seeondfl it is heard to strike the water ; required the depth 
of the ani&ce of the water, the velocity of soond being about 
1127 feet per second. Atu. 186| feet, nearly. 

Ex. 10. — A body has fallen through m feet when another 
body begins to £aU frem a point n feet below it ; required the 
distance the latter body will fall before it is passed by the 
former. , 

Ant. — . 
4m 

141. To deUrmme (A« conditiona of Tnotitm on an inclined 
plant through the effect of gravity. 

Let A B be an inclined pUme, B G its horizontal base, 
AC its height, and P a body 
descending on the plane ; | 
from F, the centre of gravity I 
of the body, draw F p per- I 
pendicnlar to B C to repre- I 
sent the pressure of P occa- I 
sioned by gravity ; draw also I 
P« parallel and P/ perpen- I 
dioi^ to A B, and complete 

the parallelogram ef ; tiien the force P p is equivalent to the 
tvo V t, P/, of which P/ ia sustained by the reaction of 
the plane ; the force P « is wholly efficient in accelerat- 
ing tiie motion of the body P. Let this force be tepre- 
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sented by/, and "Pp by g force of graviiy ; then by similar 
triangles 

figiiVeiVp : AC:AB, 

•••^ AB"' 

Now put AB =s Z, A = ^, and tbe angle A B « a ; 
then the force, which produces motion on the inclined plane, 
becomes 

- h 

Hence the accelerating force on an inclined plane is con- 
stant, and the equations of motion will be obtained by sub- 
stituting this value of/ for g in equations (1), (2), and (8) of 
Art. 140. 

„^^s_ght_ ,2gh8 .^. 



and t = 2.^Zj_ 2^; 

V gh ^ gh ^^ 

Also Bina = - = ^ = -— = ,r— , (4) 

I gt gt^ 2g8 ^ 

« = A^t*sin«=- : — , (5) 

2 ^ sm a 



<? r= ^ t sin a = >/2^ « sin a, (6) 



and t=-J_ = -v/^4^. (7) 

^ sm o ^ sm a 



Cob. 1.— If 8 be taken == I in Form. (2), v =- y^^^^' 

it becomes t^=: ts/2gh; hence the velocity acquired is the 
same as would be acquired in falling through ilie height of 
the plane. 

Cob. 2. — If a body be projected down or up an incHned 
plane with a given velocity v, then the distance 8, which 
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tlie body will be from the point of projectien in a men time 
t, will be respectively 

'-«^+^ = ^(2it.+^/^t), (8) 

and s^tv-^^^=.±{2lv^ght). (9) 

Ex. 1. — The length of an inclined plane is 200 feet, and 
its height 25 feet ; through what space will a body descend 
on it in 6 seconds ? 

By Form. (1), 

Ex. 2. — The length of an inclined plane is 100 feet, and 
its angle of inclination 60^ ; required the time of falling down 
ity and the velocity acquired. 

By Form. (7), 

< = V^-4i »J ?22 = 2-68 seconds; 

^^sina*~^32i x-866 

and by (6), t; = ^tsina = 32j^X 2-68 X '866 = 746 feet. 

Ex. 8. — If an inclined plane rise 2| feet in 100, in what 
time will a body, descending down this plane, acquire a 
velocity of 5 feet per second ? 

By Form. (8), 

^h 82. X 2i 

Ex. 4. — ^If a body be projected up an inclined plane, which 
rises 1 in 6, with a velocity of 50 feet per second, required 
its place and velocity after 6 seconds. 

Ans, 208^ feet from the bottom, and velocity 171 feet. 

Ex. 5. — ^If a body be projected with a velocity of 40 feet 
per second down an inclined plane which rises 1 in 8, what 
space wiU it have moved through at the end of 6 seconds ? 

Ans. 1441^ yards. 

142. Prop. — j(f a circle be in a vertical plane, the times of 
descent dotm aU its chords^ drawn from both extremities qf 



it* vertical diameUr, are equal ; and the 
velocities acquired infaUinff doum tfu chordt 
are proportioned to their lengtfu. 

Let AG B be a circle, A B its vertical 
diameter, A C any chord drawn throngh 
A, and CD perpendicolai to AB; then by 
the last article 

time down AC = / ■ — r^ 
g.kD 

, 2AB . . AC» . n 

= V since by geo,-i-=^ = AB. 

g AD 

This result being independent of the position of C, the 
times of descent down all chords are equal, and also eqiul to 
time of falling freely down the diameter A B. 

Also by the last article the velocity required down A 

is equal to 

V2,xAD=y^I^ = A0y|I. 

In which, since g and AB are constant, the velocity acquired 
down any chord A C is as the length of A C. 

In the same manner this proposition may be proved with 
respect to any otber plane C B. 

IiEMUA. — ^PreTionsto discussing the following propositiona, 
it wilt be proper to give Atwood's experiment for examin- 
ing the motions of bodies when acted npon by constant 
forces. The machine he nsed for this porpose was a single 
fixed pulley, with its axis placed oa wheels to diminish tibe 
friction. Two eqnal weights P, P are placed in two similar 
and eqnal boxes, connected with a string passing over the 
pnlley ; then these weights will exactly balance each other. 
Now let another weight p be added to each of them sepa- 
rately, and it will then be found that the velocity generated 

in a given time is always proportional to ^j^^- — ; that is, 

2P+j> 
if the whole mass or weight moved be the same, tiiat 
is, 2P-I-P, the velocity aa p, the weight that puts the 
whole system in motion ; and if p be constant, the velo- 
city is inversely as ^P + Pi which is the whole mass or 
weight moved. Since, then, the velocity is ptoportioiutl to 
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^ , it follows that p is proportional to (2 P +1>) X velo- 

city, and therefore is proportional to the momentum gene- 
rated in a given time, or varies as the moving force. This 
establishes the truth of Newton's third law of motion in a 
most satisfactory manner. 

143. Prop. — When two vnequal bodies are connected by a 
cord Jumging over a fixed pulley, to determine the nature of 
their motion, the cord and pulley being considered toithotU 
weight. 

Let P and Q be the two bodies ; then it is evident that the 
moving force is in this ease proportional to the excess of P 
over Q, that is, to P — Q ; but the accelerating force is as the 
moving force divided by the quantity of matter moved, by the 

third law of motion, and is therefore as ^ — ^. When Q 

P + Q 

= 0, the body falls freely, and the accelerating force is the 

force of gravity g ; hence the accelerating force in this case 

p Q 

is / = "y g. This value of the accelerating force being 

P + vi 

substituted for g in the formulsd Art. 140, will show the rela- 
tion between the space, velocity, and time of the two bodies. 

144. Prop. — To find the accelerating force when one body 
draws another along an inclined plane. 

Let a body P descend down the inclined plane, and draw 
the body Q up another inclined plane (see fig. Art. 77) ; and 
let a and p be the respective angles of elevation of the planes, 
on which P and Q are in motion ; then the force of P in the 
direction of its plane is equal to P sin a, and the force of Q 
in the direction of its plane is equal to Q sin fi. Now, if 
these forces be equal, the bodies P and Q will be in equili- 
brium ; but if P sin a be greater than Q sin )3, P will descend 
and draw Q up the inclined plane. Since the difference of 
these forces, i.e., P sin a. — Q sin /3, produces motion, and the 
whole mass moved is P + Q, it may be shown, as in the last 
article, that the accelerating force is 

/= ^ sin g — Q sin )8 

•^ P+Q ^' 

145. OoB. 1.-— When P hangs vertically, then a = 90^, 
^d therefore, 
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^_ P + QBin)3 
•^ "" P + Q ^* 

146. Gob. 2. — ^When P hangs vertically, and Q is on a 
horizontal plane, then a = 90^ and /9 = ; therefore, 

P 

Ex. 1. — P and Q hang over a fixed pulley ; P = 97 lbs. 
and Q = 96 lbs. ; required the space descended by P in 10 
seconds. 

Here/ =:^~^^=^!~^% = t^, which, being 
•^ P + Q 97 + 96^ 198 ® 

substituted for gins^ig t\ gives i^! = -?^ ^ JJ? = 

xuO 1^ X l«/0 

8i feet t= space descended by P. 

Ex. 2. — ^A weight P of 1 lb. drags a weight Q of 99 lbs* 

along a smooth horizontal table ; required the distance de« 

scended in 10 seconds, 

P 1 

Here/ = g = ^rr^^g ; this substituted for ^ in 9 = 

J (/ 1», gives 8 = i|l' = ^^^^Q^^^ = 16iV feet = space 

descended by P. 

Ex. 8. — There are two equal weights, one of which de- 
scends vertically and draws the other up a plane, inclined 
80^ to the horizon ; required the accelerating force. 

Arts, f =:i g =. 4 A feet. 

ON MOTION UPON A OUBVE AND THE VIBRATIONS OF 

PENDULUMS. 

147. Prop. — If a body faU front rest down a perfectly 
smooth curved surface^ the velocity acquired is equal to that 
which would be acquired in falling through the same perpen- 
dicular height. 

Let ABCD be a system of planes; draw DT parallel 
and A T perpendicular to the horizon, also draw B 5, c, 
parallel to D T. The velocity acquired in falling from A to 
B is equal to that which would be acquired in falling from 
A to i (Art. 141, Cor. 1), and supposing no velocity is lost 
in passing from one plane to anoiher, the body will begin 
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to deBcend down B C vith the velocity acquired in falling 
throngb A B ; consequently the velocity acquired at C will be 
the same as in falling perpendicularly through A c. Simi- 
larly it may be shown that 
the velocity acquired at D 
will be equal to tiiat which 
would be acquired in falling 
through the perpendicular dis- 
tance A T. supposing no velo- 
city to be lost in passing from 
one plane to another. Now 
let ihe nnmber of planes be 
increased indefinitely, then 
the angles at B, C, Ac, will 
be diminished indefinitely ; 

therefore the velocity lost is diminished indefinitely, and the 
system of planes approximates to a cnrre ABCD as its 
limit, in wluch, therefore, no velocity will be lost. Hence 
the whole velocity acquired in falling down the curve ABCD 
is equal to that which would be acquired in falling down the 
same perpendicnlar altitude A T. 

148. CoE, 1. — If a body be projected up a onrve, the per- 
pendicnlar altitude to which it mil ascend is equal to that 
through which it must fall to acquire the velocity of pro- 
jection ; since the body in ascending will be retarded by the 
same degrees that it was accelerated in descending. 

149. Cob. 2. — This proposition is true when the body is 
retained in the curve by a string or cord, which is at every 
point perpendicnlar to the curve, since the string wiU, in this 
case, support that part of the weight of the body wMch was 
before supported by the curve. 



160- Def. 1. — Apendidvm consists of a heavy body, sus- 
pended by a thread or slender wire, and made to vibrate in 
a vertic^ plane. When the body is considered as a point, 
and the thread or wire without weight, it is called a simplf 
pendiditm.* 

161. Bbp. 2. — The time from the commencement of mo- 
• Bee "Treatiae on Clocks, Watehea, and Bells,'' by Ed. Beckett 
DenisoD, p- 3fi. 
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tion till all the velocity is •lost by tbe ascent of the body ia 

called the time of oieiHation ; and the angle through which 

the body moves ia called the amplitude. 

162. Pbop. — To find the time of oiciOatiMi of a pendulum 

tn a tmali areyUer arc. 

Let a body descend from A, 
and be kept in the circular 
arc AOB by the thread C A, 
which is sappoeed to be with- 
out weight ; let the body de- 
scend to K, and let the arc 
M N be indefinitely small ; 
then we may consider this 
arc with the velocity at M 
uniformly continued. Put this 
velocity = v, then the time 

through M N = — ; but 

the velocity at M is equal to 
the velocity aoqnited in foll- 
ing fivm D to P (Art. 147) ; therefore 

»» = 2y X DP = 2j(0D— OP) 

— 2o ( chord AO)' — (chord MO)* 

*■ 2C0 

— J (arc A O)' — arc M O)') very nearly ; 

since the arc AO is auppoeed never to esceed 2 or 8 degrees, 
I being the length of the pendulum = A C. Now take a 
= arc A, and desoribe the semicircle adb, with the radius 
Ofi; draw mh, nd perpendicular, and he parallel to Oa, 
and join h ; then 



1^ = 



|(0<t' — Om')=|mft'; and v = mh^i 
.: time through MN =— r- = =-i V ~- 



Now M N or m n being indefinitely email, h d may be con- 
sidered as a Btraigbt line, and the triangles Ohm, eh d will 
be ultimately similar ; therefore 

h : mh :: h d : h e or mn ; 
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mn h d h d 
whence — = :r — = — : 
^^ mh Oh Oa' 

•*. time through MN = — k/—'=^ — — »J — • 

As this is true for every indefiDitely small part of A or 
O a, aud as the Qum of all the portions hdi& evidently equal 
to the semi- circumference adh, the time of moving through 

. ^ T* (idh I . , 

A O B = - — s/ - > and smce 
Oa g 

a<2&:Oa = OA::9r:l there results 

adh 

OA 

.•. time of describing AOB = ir -x/— ; 

9 
which, putting t for the time of oscillation, becomes 

A 

9 
158. Cob. 1. — ^Hence, if L and I be the lengths of two 
pendulums, and T and t the times of their vibrations ; then, 
since v and^ are constant, we shall have 

T : « :: ^L : -/Z, 
or T» : f8 : : L : L 

From which proportions, if the length of a pendulum and 
the time of its vibration be given, the length of any other 
pendulum to vibrate in a given time may be found, and vice 
versa, 

154. Cob. 2. — In the latitude of London the length of the 
second pendulum is found by experiment to be 89i inches, 

nearly; substituting this for I in the form., f = irv^— » 

If 
taking ^ = 1 second, and transposing, there results 

g=iw^ 1=. 82J feet, nearly. 

165. Cob. 8. — ^If n be the number of seconds in a day, 
and s the number of seconds in the same time ; then 

« « s 9 
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lieneey if ^he givea,. » the nnmlMf of ^tbaikmm 
Tersely as the aqnare of the length. I of tfie paadnli 

156. CoK. 4. — ^If I be incxoised by a small qnaatiftyA* 
and » be dnnizLLihed by a corresiioiuimg funtxty r; ihtm. 

whence — ^ 4 — , or f ^ — • 

157. Cos. 5. — If / be gxren^ and g be incxeaaed by a sman 
quantity y, also ki f be the cogre^oiwfing meraBient of a ; 
tiien 

henee f = -s^. 

158. Go!B. 6. — ^The fane of gravity above the earth's sor- 
fiiee variea inversely as the sqnaxe of the distanee in the 
same latitude ; therefore, if r = radius of the earth, h =: 
height of any pkce above the sorfaee, y the gravity at that 
height, and v the nnmber of seconds which a pendulum 
vibratmg seconds at the earth's sorfiice loses in a day ; then 

— ^-.« v^y=:--_=l_ -nearly; 

nli 

.'. y = — . 

159. NoTS. — The force of grayity has been found to vary in different 
latitudes ; the increment of its force above its force at the equator being 
nearly as the square of the sine of latitude. 

Ex« l.'—The length of a pendnlom is 60 inches ; in what 
time will it vibrate ? 

By Cor. 1, T«: «'::L: Z; 

but I has been found (Cor. 2) to be 89^ inches when it 
vibrates seconds ; hence 

T»:1'::60:39J 

^ 8x60 .480 ,^. . , 

.*. T — <s/ -^-^iy ■* V §13 = 1'24 seconds, nearly. 
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Ex. 8. — If a clock loses 1 minata in 2i Itonrfl, how much 
mnat the pendolnm be shortened to meJce it keep trne time ? 
Am. iV of an inch, nearly. 

Ex. 4. — ^A seconds pendnlnm is carried to the top of a 
mooDtain 1 mile high ; what number of seconds will it lose 
in a day, the radius of the eartlt being 4000 miles ? 

Bj c.r. 6, , = ii _ 55^1- 211 „.o«d,. 

Ex. 6. — A peDdolmn vibrating seconds at the equator, 
when carried to the pole, gains S minutes per day ; find 
the proportion of the equatorial and polar gravity. 

Ang. 144 : 146. 

OH THE UOXION OP FBOJECTILEB. 

160. Pbop. — A body projected oUiquely to the korinon wilt 
describe a j/a/rahola, tappoting that tA« motion it not affected 
bi/ the r«mfan<M of the air. 

Let a body be prcjected firom A in the direction AT; 
through A draw D B perpendicular to the horizon, and let 
AT be the space the body would describe with the velocity 
of projection continued nniformly 

during the time t, and AB the ^^^~*^.'^^HB^^^3 
space through whidi gravity would ?2^ _-^^^T^^^ 
cause it to descend in the same j 
time ; complete the parallelogram ' 
AM; then, since the motion in 
the direction AT neither accele- 
rates nor retards the approach of | 
the body to the line B M, the body ' 

will be in the line BM at the end ^«-. ^c mz-st-'*''-, <» 
of the time (. By like reasoning 5^;:S5<^%»i%i 
the body*iU be in the Una TM ^I^^^J^^i^QS^ 
at the end of the same time, and " '""' 

therefore it will be at M, the point of their intersection, at 
the end of the time t. Let V be the velocity of projection ; 
then, because AT is the space which would be described in 
the lime t with the velocity V continued mifi'ormly, AT — Vf ; 




and, aince A B is the space throngh which the body would 
fall by gravity in the time (, A B =- ^ jr (* ; hence 

, 2AB AT" BW , . .„ „ , 
(*=-^ = -^=^; (smceAT-V(.) 

... BM'=^-^AB. (1) ' 
Hence the curve AM is a parabola, of which AB is the 

diameter, B M an ordinate, and the parameter. (Sea 

HaJtn's Ajudytical Geometry, Weale's Series.) 

161. Cob. 1.— If A D be taken = * of the parameter at 

2V* V 
A = i X — — = -^ , and D E be drawn perpendioolar to 

BD, DE will be the direotrix of the parabola. For the 
distance &om the directrix to any point in a parabola is 
eqaal to the distxnce of this point from the focos. (See 
Harm's Andlyt. Geo. Art, 26, Par.) 

162. CoE. 2. — The horizontal velocity of the body ie uni- 
form, Ednce it is evidently not afiEacted by gravity. 

V 
168. Cob. 8.— Because AD = -5-, AD is the Bpac6 
^9 
through which a body would fall to acqnire the velocity bf 
projection V. AD is nsnally called the impetus, or height 
due to the velocity in the curve. 

164. Cob. 4. — AT is a tangent to the parabola at A, 
because it is parallel to BM (see Harm's Analyt. Geo.); 
therefore, if the angle T A C be made =• TAD, andAC = 
AD, C will be the focus of the para- 
bola; and, the focus and directrix 
being given, the parabola can he oon- 
stmcted. 

165. Vbos. — To find the equation of 
the parabolic curve dsscrihed by the 
projectile, referred to koneontal and 
vertical co-ordinates. 

Let h -> AD = impetus = height of 
the directrix, AP^x, FM = y, the 
angle PAm = a, V = velocity of pro- 
jection, and ( — > Ijpie of describing AM ; then 
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AP = Aw COS o ; or 05 = V * cos o ; 

since Am = Yt ; also Pm = x tan a ; and Mm = | ^ /' ; 

.'• y = Pwi — Mm = a? tan a — igt*; 

by substituting the value of t, from the equation x = Yt cos a, 
in the above equation, there results 

y = **^« — 2V»cos«i' 

and by substituting h for q- » AD (Cor. 8), this equation 
becomes 

y = «.tana— j-j5^^^^, 

which is the equation of the curve, from which all the pro- 
perties relating to projectiles may be readily derived. 

166. Note. — ^If the curve meet the horizontal plane AH, passing 
through the pomt of projection A, the distance A H is called the hori- 
zontal rangey and the time of describing the curve A M H is called the 
time of flight, 

167. Pbop. — The velocity and direction of projection being 
given, to find the horizontal range, the time of flight, and the 
greatest height to which the body wiU rise above the horizontal 
plane, (See last figure.) 

Let the body be projected from A in the direction AT; 
also let AMH be the parabolic path of the projeetilci and 
AH the horizontal range ; then 

TH AT sin a = Vt sin a; but TH = i^«»; 

hence V * sin a = J ^f *' 

2 V sin a 
.% t = —7-^. (1) 

2 V 

Again, AH = AT cos a = sin o X V cos a ; and if 

tf 

AH be put = B» k- ^= ^> &]^d 2 sin a cos a = sin 2 a ; then 

there will result 

R := 2 A sin 2 a. (2) 

Lastly, if the point C bisect AH, the maximum height H 

E 8 



iBeTidentIyCB«iCA(8eeHiwm'«^MaZw(. tf*o.) — iTH; 
but TH = i s** =■- (from Gqna. (1) j — ■ ain' a = ih sin' a ; 
bence H ^ A sin* a. (8) 

168. Cob. 1. — When the impetus or velocity of projeotion 
is given, the range varies as sin 2 a, ttnd is consequently the 
greatest -when 2 a ^ 90°, or the angle of elevation 45°; in 
which case R = 2A. 

169. Cob. 2.-'When the velocity of projeotion is. given, 
the elevation reqnieite to hit a given mark on the horizontal 

?lane will be found from Eqna. (2) ; and since ain 2 a-= sin 
L80° — 2 a), there will always be two values of a or two 
elevations, which will satisfy this condition. 

170. Pbop. — The veheiiy and direction of projectMn hemg 
given, to find iJie time of flight, and rgnge on on oblique plana 
passing through the point of projection. 

Let the body be projected from A in the direction AT; 

I also let A I be the 
inclined plane, the 
curve A I the path 
of the projectile, and 
AH a horizontal line. 
Pat the angle of ele- 
vation T A H = a, the 
angle IAH = ^, the 
range AI^B, and the time of describing Qie curve Al^t; 
then by tiigonometry 

TI: AT::sinTAI:Bm AIT; 

but TI = iyC, AX = V(, sin TAI =Hin (a-^) ; 

and sin AIT = Bin AIH « COB j3; hence 

kgt* : T( : : sin (a — ^) : cos ft 

2 Y sin (, - ^) 



?c 


0.^ ■ m 




Ll: AT:: 


un ATI: .in AIT; 


Imt 


gVim 


(".-W-.*-^'"- 


-« 



gcoBfi cos ^ ' 

ain ATI cos TAH = cosa, and sin AIT = cob /3; hence 
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R : 4A!??.^".7-i^) :: cos a : cosiS, 

COB p 

.'. B=^4;^»^(^-f)^^«^ (5) 

cos*/3 ' 

171. Cob. — ^If the plane be a descending one, as AT, the 
angle /) must be considered negative. 

172. SoHO. — The theory of projectiles, jnst given, depends 
on three suppositions, which are all in some degree inac- 
cnrate : Firstly, that the force of gravity in every point of 
the curve described by the projectile is the same. Secondly, 
that it acts in parallel lines. And thirdly, that the motion 
takes place in a non-resisting medium. The two former of 
these suppositions, however, differ insensibly from the truth ; 
but the resistance of the air affects the motions of all bodies, 
especially when their velocities are great, so very materially 
as to make the parabolic theory almost useless in practice. 
From experiments made with great care, it appears that 
when the velocity is about 2000 feet per second, the resist- 
ance of the atmosphere is about 100 times as great as the 
weight of the ball, and that the maximum horizontal range 
is less than a mile ; while, according to the theory, it ought to 
be above 23 miles. -^Another great irregularity in the firing 
of a ball is the deflection of its path to the right or to the 
left of the vertical plane passing through the axis of the gun. 
Deviations of this kind usutdly take place when there is 
considerable windage, i.e., when the ball is too small for the 
calibre of the gun. This deviation has been found to be, in 
some cases, as much as 800 or 400 yards in a range of a 
mile, or extending from i to ^ of the whole range. 

Dr» HtUton has deduced from experiments various rules 
to remedy these deviations of the theory from actual prac- 
tice ; for which see his Tracts, Vol, III. 

178. The following rule, obtained from experiment, has 
been given to And the velocity of any shot or shell, when 
the weight of the charge of powder and that of the shot are 
given. 

. Rule. — ^Divide thrice the weight of the powder by the 
weig^ht o( the shot, both in the same denomination ; extract 
tbfi.Bquace .root of the quotient, multiply the root by 160Qt 
and the product will be fixe velocity in feet. 



ThAt is, if ji bfl the weight of the powder, id tb&t ot the 
ball, and v ite velocity ; then 

I. = 1600 yif. 

£x. 1. — It Ib required to find with what velocities the 
following ehells, weighing 90, 48, and 16 lbs., with the 
respective charges of 4, 2, and I lbs. of powder, will be dia- 
chuged. 

By the rule jnat given, the respective velocities are found 
to be 564, 665, and 698 feet per second. 

Ex. 2. — Required the time in which a shell will range 
8260 feet) at an elevation of 82°. 

Ans. llj seconds, nearly. 
Ex. 8. — Howfar will a ball range on a plane which ascends 
8^°, and on another which descends 8|° ; the velocity or 
impetus being 8000 feet, and the elevation 82}° ? 

Am. 4244 feet on the ascent, and 6754 feet on the 
doBcent. 

OK THE BOTATION or BODIES. 

174. Pbop. — In a rigid system of material particles m,m, 
m", dc., in the same horizontal plane P Q, and movable round 
a vertical axis R 8, a m^ng force F acta at the point P, in the 
same plane, to turn the system ; to determine the accelerating 
force at any point. 

Pat m + m' +m" + &c. = M ; and let/, /', 4c., be moving 
forces which, acting separately on the particles m, m', &c., 
would produce the same 
voIocitieB as they would 
acquire by the action of 
the force F, when they ara 
connected together; and 
let V be the ai^nlar velo- 
city imparted to the system 
by the force F in the in- 
definitely small time (, to 
ladius =r 1, and r,"/, /', 
f^ &c.,thediBtancesofth«par- 
ticlesffl, M^, &a., from th* 
ftxisRBatCi then rf will be the velocity ^ven to the particle m. 



M 



'}vyth 
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Now, sinee the moving force/ is supposed to give the velocity 

/ 
r t; to m in the time t. we shall have r 9 = — t hy the laws 

of motion, or / 1 = m r 9. Let the force — ^, acting at P, 
balance/, acting at m, then the force ^ will produce the same 
effect on m as/ does ; for if the forces and — act on the 
system, they will produce no change in the motion ; and be- 
cause/and — counteract each oi^er, the only efficient force 
is 4> ; hence PGx<^ = CMx/» and (putting PC a) = 

f- ; .'. <pt ^ ^ft ^= • Smiilarly e = , 0' I 

a a a a 

= &e. Now, because the forces 0, </>, %c., produce the same 
motion in the system as the force F, we shall evidently have 
P = + 0' + 0" + &c. ; therefore, 

F I = (0 + 0' + &c.) t = ^tlll +!^ + &c. 

Fat 

•*' ^ " mr + m' /«+ w"r"« + &c/ 

But the velocity of any particle 9?? = r t; = accelerating 
force at m X ^ 

U* yy ^ 

.-. accelerating force at m = ^^^ ^/ ^ ^ g^^ f (1) 
accelerating force at P = ^^_^ ^>'^, _^_ ^ , (2) 

F a. 

and accel. force at 1 from R S = _a . — , /, , . ■ (8) 

m r* -i- m r * + &c. 

176. Cob. 1. — When the moving force F is a weight W, 
connected to the system by a cord passing over a fixed pulley, 
F = W ^ ; and since W must be one of the bodies m, w', &c., 
hence 

accelerating force at F = ^, ^ ■ 5-?-^ 



Wa> + m;-» + 7»V«+ &c. 

176. Cob. 2. — ^When the particles w, vi', &c., are not in 
one plane perpendicular to B 8, a plane may be taken passing 
through the centre of gravity of the system, perpendicular to 
& 89 and the whole system maybe considered to be projected 
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on this plane by linefl parallel to B 8 ; then, sinee each point 
is by this means kept at the same distance from B 8, the 
effect prodnced by the motion wiU not be changed ; therefore 
Formolffi (1), (2), and (8) will stiU hold. 

KoTB 1. — The denominator of the fraction which ezpresseB the ao- 
oelerating force on any given point of a system is tke sum of each 
particle wtuUiplied by the square of its distance from tke aans ; this sum is 
called the Moment of Inertia wiUi regard to this aziSy and oontinaaUy 
occnis in considering the rotation of bodiea. 

KoTB 2. — ^Nearly in the manner just given, D* Alemheit has made all 
the most abstruse paits of dynamics to depend on the principle of equili- 
brium. This is conmionly known by tiie name of IfAlembsrfs I'irineipie, 

177. Prop. — To find the centre of gyration of any system 
of material particles. 

De]p. — The centre of gyration of a system of bodies re« 
volving round an axis is that point in which, if all the matter 
of the system were collected, the same moving force would 
produce the same angular velocity in the system. 

Let T be the centre of gyration ; and put CT — d; then 

the acqjBlerating force at the point P = ^^^ yj ^ ^> /» ^, ^^ l 
and if all the matter of the system be concentrated at T, the 

TCI ^ 

accelerating force at P will be •= tt^; and because the same 

angular velocity is produced in both cases, these accelerating 
forces must be equal ; hence 

M d* = w r» + wi' ^* + &c. 



- ^ = ^ M ^ m + m' + 



&C. 

178. Prop. — To find the centre of oscillation of any system 
of mMerial particles movable round a horizontal axis, 

j)£P. — The centre of oscillation is that point in a system at 
which, if the whole system be concentrated, it would vibrate 
in the same time as lie whole system would do. 

Let wt, m\ &c., be any number of particles connected to- 
gether, and let them all be projected perpendicularly on 
a plane which passes through G, their centre of gravity, 
and which is also perpendicular to the axis of suspension 
P ; also let O be the centre of oscillation, and P its pro* 
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jection in the axis P C; ttien, since 
each particle is thas held at th» some 
distance from the asis P 0, the accele- 
rating force will he the same distauoe 
firom the axis as before. The moving 
forces may in this case be coneidered 
the same aa the weights m, m', &c. ; 
and the distances at which thejr act 
from are Cp, Cp', &c. ; therefore, by 
Art. 176, the accelerating force on 
any point 0, arising from each of these bodies, will be 
m.Cp.CO .g m'.Cp'.GO .g . , 
mr'+rn'r^+ic: m ^ + ».-/■ + ftc. ' *«;!«»>" *t« 
accelerating force at 0, resulting from all-tbe particles acting 
togettier, will be 

{m.Cp + m'. Cp' + &c.).CO.g _ M . CG .CO . g sin a 
mf' + m'f" + &c. m r' + m' f^ + &,c. ' 

for m . j> + m'. p' + 4c. = {m + m' + 4o.) C I = 
U . C O sin a, a being the angle CGI. Similarly the acce- 
lerating force of a particle m, placed at 0, is — — - ^ - -1 ? 

b= ji sin a; and since is the centre of oscillation, these 
forces mnat be equal ; hence 

M.CG.CO.ysina = (mt* -(- mV" -I- &o.)gBina, 

M.CG 



.00 = '-^ 



179. CoE. 1.— Becanse mr' + m'/»-t-&c.=M.Ca.CO 
= M.CT'bythe preceding prop., we have CG.CO = 
C T" ; hence the centre of gyration is a mean proportional 
between the centre of gravity and the centre of OBcillntion. 

160. Cob. 1. — Becanse the accelerating force of the whole 
system at the point is the same aa that of a single particle 
placed at 0, the time of oscillation of the system will be the 
same as the time of oscillation of a simple pendulum, the 
length of which is C ; therefore, if C = f, the time of a 

very amall oscillation will be =a t V — • 



181. If it be antUMd that the putidM m, m', fte., that 
make np a body are mB mpul, and their nimilMff indefinitely 
{Treat, JH will be ahbnately proportional to ^M, the diileiential 
of the mass of the body ; theref«re, by the principle of the 
differential calcnhia, r bong the distance of m or dJt from 

moment of inertia ^ff* ^M; 
and, if ft be the distance of the centre of gyration from the 
game axis, 

f M =/r» d M, 

and*'=/!'j^« 

In finding the moment <tf inertia of hoes, planes, and 
soUds, they are sapposed to be made op of an indefinite num- 
ber of particles of matter tmiform^ diffused over than. 

162. Prof.— 7a Jind tkt momttit of inerHa of tks riglu 
lint A B, revolting round an axi* perp&ndicular to it at B. 

Put AB = fl, Bm = r, then 

^ the differential of the mass M, 

^ ' ' or d H, is proportional to d r ; 

therefore by the last article 

and when r = n, ft* = J n", and 
ihe moment of inertia &' M ^ ( (^ U. 

183. Pbop.— To Jind lite mo- 
ment of imrtia of a cireU A B, 
revolving round itt centre Q in 

Put the radius A.Q = a, the 
radius mQ =^ r; then the cir- 
oumference mti =: 2 a- r, and the 
difierential of the area of the 
ciide mn=^2wrdr = dM; 
hence 



HOMENTTTM OF INEBTU. 89 

M ^ f^vrdr"^* 
and when r = a, A^ = ^a^ and As* M = i a' M. 

184. Pbop. — To find, the moment of inertia of a circle re- 
volving round an axis lying in its own plane. 

Let B S be the axis of rotation, G R a line perpendicular 
to B S, /? m^ any line parallel to B 8. Put BG = 6, AG >« a, 
B m = r, G m = a;, and pmzssmq=zy; then 



rfM = 2y d« ^ a* — or*, and r» = (6 — a?)», therefore 
/t^ d M =/2 rf ar (6 — a?)» »y a* — x* ; hence 



/2da?t/a* — »* ^ f^dx s/ a* — «• 

by taking the integral by parts between a; =s — a, and 
a; + a; therefore 

*» = a» + i i», and A? M = (a» + i i») M. 

185. Prop. — To find the moment of inertia of a sphere 
A qB p revolving round a diameter A B. 

Let j9 ^ be a section of the sphere perpendicular to the axis 
of rotation AB ; put A G '= a, M G := a?, and mp =z mq =z 
y ; then, because the section p q\a b, circle revolving round 
the axis A B, which passes through its centre, the moment 
of inertia of this circle = i^^'M = iiry*; therefore the 
moment of inertia of the circle p q, when its thickness is the 
indefinitely small space dx,iai7ry^dx; hence 

y_ /i^ry*rfa? ^/f y {a ^ — ix ^yd x ^ -fr w a» ^ ^ ^^^ 

/ir t/ d X /ir (a^ — ix?) d x 1 ir a* 

the integral being taken between x •=. — a, and x :=. a, 

.-. A? M = f a» M. 

The following are the moments of inertia of several regular 
solids revolving roimd their axes. 

186. In a cylinder A» M = i a* M. 

187. Li a paraboloid Ar» M = J a» M. 

188. In a cone /c" M =-- A <3^ M, a being the radius of 
the base. 
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. 189. In an ellipsoid Ai> M = i (a' + 2^) M, a and & being 
the semiazes of the largest section perpendicular to the axis 
of rotation. 

190. Prop. — To find the centre of oscillation in lineSf 
planes^ and solids. 

ByArt.178, o = !^2?5f^i^S^.^^f!^ == — , 

and T^ is fonnd by the preceding propositions. 

The following are the distances of the centre of oscillation 
from the point of suspension in certain given figures. 

191. In a straight line vibrating at its extremity CO 

192. In a circle vibrating about its axis in its own plane 

r* 
G = (2 + ~ , C G being = d, and the radius of the circle 

= r. 

198. In a sphere, = <i + -— , in which d and r are 

5 d 

the same as in the preceding article. 



Part III.— HYDEOSTATICS. 

194. Hydrostatics is that branck of Statics which treats of 
the equilibrium of fluids. 

195. Fluids 3deld without resistance to the smallest force 
impressed on them ; they are divided into elastic and non- 
elastic fluids. An elastic fluid is one the dimensions of which 
are diminished by increasing the pressure upon it, and in- 
creased by diminishing the pressure, such as common air, 
gases, and vapours. A non-elastic fluid is one the dimensions 
of which are very little affected by any pressure, however 
great, such as water, mercury, spirits, &c. 

196. Prop. — Any pressure communicated to a fluid at rest 
is equally transmitted throughout the whole fluid. 

(This proposition^ which is commonly made the basis of 
the doctrine of hydrostatics, is proved by experiment.) 
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Let c d e/he a closed box filled with water ; P a piatOD 
fitted into the npper face of tiia 
box, and allowed to move aa 
freely as poHsible, and sappoae 
another piston Q* with a tnins- 
Teise section eqnal to that of 
P, also fitted into the upper 
face of the box ; then, vF a 
weight be placed on F, on eqnal 
weight must be placed on Q to 
preserve the equIlibriDm, Urns 
showing tliat the weight on P 
is transmitted through the floid 
to the ondet surface of Q, and 

^80 with equal force, becaose it reqoiieB an equal weight 
OS Q to balance this pressure. Again, if a piston p equal to 
P be fitted into a lateral opening in the side of the box, as at 
a b, it will be found that a pressure must be exerted at a 6 to 
retain the fluid in the box, before any pressure is applied at 
P ; if then a weight be placed on P, an additional pressure 
equal to the weight on P mast be applied on p to maintain 
the eqoilibrimn ; thus proving that tiie pressure npon the 
surface at P is transmitted with equal force through the 
whole mass of the fluid. 

NoTB. — One of the most eitraordinarf properties of floids it that of 
tnmsniittiiiK presaurefl in every directioii ; Uiie proper^ can be cou- 
ceived to anse onlj &om the perfect freedom 'with which the pBiticlea 
of a flnid move amongat each other. This, in. a mechanical point of 
view, is the oharacteriatic distinction beEween fluids and solida : a Bolid 
impaitB prewuie onlj' in the direction in which the force is exerted, 
while a fluid imparls prenanre in ail directions. 

197. Prop. — The pressure at any point g in the interior 
of a fluid, the density of which is uniform, 
and which is acted on by no force but ■ 
gravity, ia equal to the weight of the I 
vertical column p q. I 

Assome all the fluid in the vessel A B I 
to be solid, except the vertical column I 
p q ; then it is evident that the particle | 
q win be precisely in the same state as 
before ; it is also evident that on the particle q the pressure 
* The piston Q is not shown in the figure. 
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IB eijtial to that of the column above itp q; hence, when 
the mhole is fluid, the particle is eqntdly proBBed in all 
directions by a force equal to the weight of the vertical 
colnsm above it. 

198. CoE. 1. — If the point r be not directly nnder the 
Borfaoe of the fluid, draw q r parallel to the snrface of the 
fluid ; then by the preceding proposition, the preaBUte at 9 is 
transmitted along the line qr; therefore the prcBBore at r 
rauBt be eqnal to the preeBure at g, otherwise the equilibrioai 
would be destroyed ; hence the pressure at r is equal to the 
weight of the vertical colnnm p g. 

199. Cob. 2. — Since it is well known that the Biufaee of a 
fluid at rest ia horizontal, it follows that a fluid in a ayBtem of 
veasels in free commnnication with each other cannot be at 
reBt -except Ute sorfacea of the fluid in all these different 
vesaela be horizontal. 

200. Cob. 3. — Hence it also follows that the surfaces of all 
perfect flnids are perpendicular to the direction of gravity. 

201. Gob. 4. — In fluid surfaces of small extent, gravity 
may be considered to act in parallel lines ; but in aurfaces of 
great extent, anch aa the Burfacea of large lakea, seas, and 
oceans, the directions of gravity converge to a point at the 
earth's centre, and in these caaea the Burface of the fluid is 
a portion of a spherical surface having that point for a centre. 
Since the distance of this centre is known, the deviation of 
any portion of the earth's surface from the level may be 
readUy calcul&ted. (See the Author's Prindpleg and Praetua 
0/ LeveUing m his Land and Engineering Surveying. WeaU't 
Series.) 

202. Pbop. — If the fluid in any vaael XqB be at rest, 
through the action of gravity alone, ike pressure on an indefi- 
nitelij fmall area q r, at any point in the bottom or sides, is 

perpendicular to the plane oj tkat 
area, and equal to the uieight of 
the vertical column p q, the base 
of which is qr. 

The pressure exerted aa g r 

perpendicularly is equal to the 

weight of the fluid p r. Let P ^ 

perpendicular preaanre on q r, and 

W c= waif^tof the fluid /ir; take qd = pq to repreaent th« 
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peipendienlar pressure of any particle against q r ; then 
this pressnre may be resolved into two eq^fq; and eq ib the 
part of the pressnre which acts perpendicularly ; and since 
9 r is indefinitely small, we shall have 

P : W : : area q r x q e : area q s X p q; 

but area q r : area q s :: q d : q e, 

.*. area qr . q e =z area q s . q p, and hence P = W. 

208. Pbop. — llie pressure of a fluid on any surface is 
equal to the weight of a column of the fluids the base of which 
is the surface pressed^ and the height equal to the depth of its 
centre of gravity below the surface of the fluid. 

Let the whole surface S be divided into an indefinite num- 
ber of parts s, s\ &c., the distances of which from the surface 
of the fluid are respectively x, of, &c. ; then the pressure of 
the fluid upon the indefinitely small portion s of ^e surface 
is equal to the weight of a column of the fluid, the base of 
which is s and the height ii?,,by the last prop. ; and H dhe 
the density of the fluid, or specific weight of each unit in 
bulk, the pressure on s will he = sx x d, and consequently 
the sum of all the pressures = (sx + Zaf + &c.) d : but, by 
the nature of the centre of gravity, sx + s' of -^^ &c. = S A, 
h being the distance of the centre of gravity of S from the 
surface of the fluids ; hence the whole pressure upon the 
surface S = S({x^ = a column of the fluid the base of 
which is S and height h. 

204. Cob. 1. — ^Hence the pressure against one of the per- 
pendicular sides of a cubical vessel filled with fluid is equftl 
to half the pressure against the bottom, or equal to half the 
weight of the fluid ; and the whole pressure against the bot- 
tom and sides of the vessel is equsJ to thrice the weight of 
the fluid. 

206. Gob. 2. — ^If h be the height of a cylinder, and r the 
radius of its base, then the pressure against the base = 
wf^,h,dz=rdf^h; and the pressure against the upright 
curved surface ^irrh . ^h . d^zirdrh^; therefore the two 
pressures are 

AS irdf^h : irdrh^, 
or as r : h, 

206. Cor. 8. — On this principle Bramah's hydrostatic 
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press may be explained. Let pistons be fitted into the large 
and amaU cylinders A and S, 
vrhicli are connected together, 
as shown in tbe figure, there 
being a valve at C to admit the 
water from B to A. A pump- 
piston in tbe cylinder B fprcea 
the water throngh the valve e 
into the cylinder A, and thna 
raises its pieton. Now, let the 
diameter of tbe cylinder A = D 
inches, and that of tbe cylinder 
B =^ (J inches ; then the area 

of the piston isA= ; vD^, and tbe area of the pump-piston 

in B = J T (? ; therefore the areas are 
as d» : D> 




Now, if D = 20 inches and d = i inch, then 



Da _ 



1 ; 



m~ 



Therefore, if a force be applied to the pomp-piston in B, it 
vrill produce an efiect on that in A as 1 to 1600. Now, 
suppose the pnmp-piston be pressed down by a lever with a 
force of 5 cwt. ; then the large piston will as- 
cend with a force of 1600 x 5 = 8000 cwt. = 
400 tons. 

207. Cob. i. — On the same principle tlie na- 
ture of the hydrostatic paradox, may be explained. 

208. Peop. — Iffiwdi of different denMtm, such 
as water and mercmy, be made to comnmnicate, ike 
heights to which they vdU rise in the limbs of ike 
pipe A B wiU be in the inverse ratio of their 
denrities. 

Let tbe bend be first filled with memnry, and 
water be then ponred into A ; and let H = height 
of the fluid in A, and D = its density ; also let 
h = hei^t of the finid in B, and d ^ its den- 
nty ; then, since the bore of the pipe b supposed 
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to be the same thron^ont, there vill result in the ease of 
eqdilibrinm 

H. .D ^k . d; hence 



Since the density of water to that of mercorv is nearly as 
. : 18}, we shaU have 



that is, if the height of the mercury be 1 inch, the height 
of the water will be ISf inoheB. 



: ; 18J : 

le mercui 

oheB. 

209. Pbop. — To find tha centre of premwe upon a plaM 
twfaee. 

Det. — The centre of pressure ia that point in the Borfaca 
pressed by any fluid, to which, if the whole presBnre were 
applied, the effect wonid be the same as when the pressure 
is diffused over the whole surface ; and if a force equal to 
the whole pressure be applied in a contrary direction to this 
point, it ynH keep the surface at rest. 

Let A B C be the level surface of the fluid pressing on the 
plane C O B, C B the intersection of 
these planeB, and P the centre of 
presHore. Suppose the whole area 
G G B to be divided into an indefinite 
number of small portions m, m', m', 
tic, and draw m q, gn perpendicular 
to C B, also m n perpendicular to q n. 
Then because C B is perpendicular to 
qm, 9 n, it is also perpendicular to the 
plane m qn, and the planes A B G, 
m q n are therefore perpendicular to 

each other, and mn Ib vertical. Now let =^ ai^le mqn ^ 
inclination of the surface plane A B and the plane C Q- B ; 
then the preesure on the indefinitely small surface m ia pro- 
portional m .mn. 

But m.mn = m.m9Bin^=Em>sin0, « being put for m q. 

Hence the effect of the pressure to turn the plane about 
the line C B will be as m > ain H t^m s^ am ip; and the 
effect of all the pressures to turn the plane about C B will be 
proportional to 
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(ifij» + m' «'» + m" »"* + &c.) sin 0. 

Pat M = m + m' + &e. = area GB, and KG = d; then 
the pressnre on G- B will beasM.GI = Mc2Bin0; and 
the e£fect of the pressnre at P to tnm the plane about' C B 
will bea8M(lsin0 x PB; hence 

M d sin X PB = (w a« + m' «'» 4- m". «"» + &c.) sin 0, 

pp^ __ w «» + w' /• + m" «"* + &c. 
•'• ■^^- - Md 

Also, the effect of the pressure m « sin to turn the plane 
about G H will be as m « sin x Hi/, and the effect of the 
pressure M d sin at P to turn the plane about B will be 
a8Md8in0xHB; hence 

MdBin0 xHB=m«sin0.H9 + m'«'sin0.H9' + &c. 
.•.HR= ^_ 

From the above value of P B, it appears that the centre 
of pressure P of the plane G B G is the same as the centre of 
oscillation of this plane, when moving round the axis C B. 
(See Art. 178.) 

210. Pbop. — The centre of pressure against the rectangle 
B F is at i of the depth B D/rom the surface A B. (See last 
figure.) 

Put B D = a, F D = ft, and let B D be divided into n 
indefinitely smaU parts, each equal to X, so that a=n\; 
and conceive lines to be drawn through these divisions 
parallel to D F ; then the area B F will be divided into n 
indefinitely small rectangles or laminsB, each equal to 6 X. 
Now, supposing each of these laminae to be parallel to the 
surface A B of the fluid, we shall evidently have 

n«8+mY»+&c. = 6X xX»+fcX x (2a?)«+&c. to b\ x (»X) 

= 6\» (la + 2«+8»+&c. to n*) 

putting a for its equal n X. 
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Now, Bince n is indefinitely large, the fractions -, g- are in- 
definitely small ; consequently the above value of 

m «* + m' »'» + &o. = i o^ 6, 

Hence, supposing the plane G B to be rectangular, wo 
shall have 

the point P being, in this case, evidently equidistant from the 
sides of the rectangle. 

211. Gob. — ^If B I> = af and B E = A, then the distance 
of the centre of pressure of the rectangle E F from the sur- 
face of the fluid will be equal to 

(a— A) hxi{a + h) "" * a + h 

212. Gob. 2.— If a = depth BJ), b = breadth D F in 
feet, and S = specific gravity of the fluid (see fig. to Art* 
204) ; then by Art. 20S, the pressure P of the fluid against 
the vertical rectangular plane B F = ^ a' 6 S; that is, 

P=ia«dS; 

and by Art. 210, the power P^ being applied at f of the depth 
of the fluid, will sustain the plane. 

Ex. 1. — ^Bequired the pressure on a flood-gate of a oanal| 
the breadth of which is 12 feet and depth 6 feet. 

6* X 12 X 62-6 

Ex. 2. — ^The depth of water pressing against an embank- 
ment 100 feet long is 9 feet ; required the piressure thereon 
in tons. 

^ 9' X 100 X 62-5 «^«^^^ „ ^^« , X 

P = — - — ^ = 258126 lbs. = IIStJt tons. 

Ex. 8. — ^Bequired the pressure on the staves of <a cylindri- 
cal vessel filled with water, the depth being 6 feet and the 
diameter of the base 5 feet. 

Here the curved surface of the vessel must be considered 
as a plane ; hence 
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Ex. 4.— The depth of a cylinder filled with fluid la 8 feet; 
i-eqnired its diameter when the preBBores against the etavM 
and hottom are e^ual. 

Pat X = diameter of the cask, 

theaP = j8'«-S!K = i85r8rf, 

whence 1 = 6 feet. 

218. Prop: — A perpendiendar emhanlanent or waU A 6 G D 
imtaim the pressure of the water B C K F ; required the con- 
ditwns of eguilibrium when the wall ia just on the point 0/ 
overturning on D as a centre. 

Let EI be a vertical line pasaing throngh G the centre of 

gravity of the wall, P the centre of 

pressure of the water, the distance 

C P being = i B C, by Art. 210. 

Draw P L perpendicnlar to A B in 

H ; then, since the section A C of 

the wall is here considered to be 

rectangular, the centre of gravity O 

is at the ntiddle point of the wall, 

and therefore DI = iDG = iAB. 

Now, H D I may be considered as a 

hent lever, the fulcram trf which is D, the weight of the wail 

acting in Uie direction of the centre of gravity O on the ana 

D I, and the pressure of the water on the arm D H, or what 

amounts to the same thing, a force equal to that pressure 

drawing in the direction H L. Put P =z pressure of the 

water, and W weight of the wall ; then 

PxDH = PxiBC = WxiDC, 
8DC.W 
*"■ ^ " 2 B C ■ 
When this equation holds, the wall or embankment will juat 
be on the point of overturning ; but in order that the wall 
may have complete stability, this eqaation onght to give a 
much larger valne of F than its actual amount. The fol- 
lowing formulee are for embankments of 1 foot in length, 
because, if they have stability for that length, they will be 
stable for any other length. 

Put « = B C depth of water and embankment, which are 
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liere supposed to be eqaal, 5 = i> G = breadth of the em- 
bankment, S = specific gravity of water, and a = that of 
the wall ; then by Art. 204, P = ^ a' x 1 X S, also W =: 
a X h X 1 X 8, each value being for 1 foot in length, which 
being substitated in the above equation, there will result 

1 2a 8^ X aba . 
or, o« S = 8 fc* «, 

or, a :=: o i^ a ' 

and 5 = a >/q"» 

which gives the breadth of ah embankment or retaining wall 
that will jnst sustain the pressure of the water ; the wall must 
therefore be made at least 1 foot thicker than shown by this 
iequation, to give it due stability. 

Ex. 1.— Let the height of the wall B G = depth of the 
water = 12 feet, and the respective specific gravities of 
water and the wall be 62*5 lbs. and 120 lbs. per cubic foot ; 
required the thickness of the wall, so that it may have com- 
plete stability to sustain the pressure of the water. 

/S ^^ , 62-6 ^^ 626 ^^ 26 ,^ , 
*=«^8-,=^2>/33^320 = l^>^8600 = ^^><60 = "^^*' 

the thickness that will just sustain the pressure of the water ; 
therefore 1 foot must be added to this thickness to give the 
wall complete stability ; 

hence 6 4* I == 6 the required width of the wall. 

El. 2. — ^Let D G of A B = 8 feet, and the weight of a 
cubic foot of the wall = 150 lbs. ; required the height of the 
wall when it is on the point of being overturned, the water 
being at the top. 

, /8» ^ ,8 X 160 18 ^^ «/..r^ A 
a = 6 v^g- ^ Bi/-e2T" = g- y 6 = 8-05 feet. 

El. 8.-^Required the thickness of a rectangular embank- 
ment or retaining wall, when its height is 12 feet, and the 
weight of a cubic foot of the material is 126 Ibs.i so that it 

f2 
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nuy ^sBt be oa Che point of being overtiinied, tbe water 
standing at the brim. 

214. Fbop. — The M«eAm B C Do/ on embanlaiunt or 
retaining waU it triangular, the fact B hting vertical; re- 
quired the eondUian of equilibrium, when ths vail it just on 
the point of being overturrud on 1) at a centre. 
Dnw D n bisectdog B C in n, &om the centre of presBnre 
F draw P H perpendienlar to B C, 
catting I) n in a, whieb is tbe centra 
of gmvitjr of the triangnlsr section 
of the wall ; also draw 1, D H re- 
spectively perpendicular to D 0, FH ; 
then H D I majr be considered as a 
bent lever, the pressare of the water 
acting at H, and the weight of the 
wall acting at I. Pot B C = a, D G 
=:; b, and the specific gravities of tho 
wall and water as in tbe last problem ; 
then PC = GI = HD = ia, and, by tbe nature of the 
centre of gravity, DI = |DC=f6; tbe weight of 1 foot 
in length of the wall -^^ab s, and tbe presBnre at F of the 
same length of water = J o' 8 ; hence, by the property of 
the bent lever, 



6 r= o Val- wid a = h %/Tr' 



216. Gob. 1. — If x = Br = any variable depth of Hie 
water, and y = r « = tbe corresponding widtb of the em- 
bankment; then, these valnea being sabstitnted for a 6 re- 

Bpectively in tbe equation b=^a ■/a~' ^^^ 

an equation of the first degree, which is therefore the equa- 
tion of tbe straight line B D, and eonseqnently the triangular 
embankment B D is equally strong t^ngbout. 

216. OoR. 2. — By comparing the values of i in this and 
the preceding problem, it will be seen tbat an embankment 
or retaining wall with a triangular section is stronger than 
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cme with a rectangular section, when the quantity of mate- 
rial in these two forms of the embankment is considered ; for 
when the walls have the same quantity of material in both 
cases, the base of the wall in Art. 214 mast be twice the 
width of the base of the wall in Art 218 ; if, therefore, we 
pnt P = pressure the wall sustained in Art. 218, and F =3 
pressure sustained by the wall in Art. 214, 2 5 for 6 in the 
latter case, there will result by substitution in the formulas of 
the respective problems, 

p==?^, andF = 4 6«> 
.♦.P : F ::^ : 4 6'» 

Ik 

: :| : 4 

: : 8 : 8. 

Ex. 1. — There is a triangular embankment of brickwork, 
each cubic foot of which weighs 117 lbs., and its depth B 
is 14 feet ; required its width at the base D G when it is just 
on the point of being overturned, the water standing at the 
brim. (See last figure.) 

D = fc = a '^21^ ^ 2x117 '"'SQ ^ "^ 7i feet nearly. 

Hence the breadth of the base of the embankment must be 
at least 8 feet to insure perfect stability. 

Ex. 2. — ^A triangular embankment is 12 feet in depth ; the 
weight of the material is 180 lbs. per cubic foot ; required 
its width at the base when just on the point of being over- 
turned by the pressure of the water, which is 10^ feet deep. 

Here put c depth of the water ; then in this case P == 
J c* S, and W »= ^ a & «, as before ; therefore Jftxiai*** 
i X i 0* S ; whence 



in. 



*==^v'lli'=i^v'2^yirio=*-Qi^^^^^ 

KoTB. — ^The turoal form of an embankment is that having a section 
in the foim of a trapezoid, "withthe longest side for its base ; these em* 
bankments axe usually fonxied of earm and da;^, with or without a 
perpendicular or slopmg fieuse of brickwork against the water; the 
following propontion r^ra to embankments of ibis kind. 
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917. Faop. — Tha uetion A B D i;^ on mbankmrnt u a. 
prittAoid, having a perpeTtdicular fact B C ; required the eon- 
ditiotu of eqttiltirium when the embanlotuKt it on the foitU of 
being ovtrtttnud onH ai a centre. 
Divide the embankment into parts by drawing A E pei- 
pendicnlar to D C ; and let 
B ^ a as before, the top- 
breadth A B = E C = 6, and 
the bottom-vidth D E of the 
sloping part A E D ^ e ; then 
the weights of the porlious 
A C and A E D respectively 
for 1 foot in length are ais 
and ^ac», these weights acting 
at the pomts N and I respec- 
tively. NowDN — DE-t-JEC = c + iJ, andDI — 
i D E =• % e; hence the fioiu of the moments of the em- 
banknent A B C D is 

abs{e + ib) + iavsxic = i{y + 2be + i<i^ai, 
which must be eqaal to the moment 6f the presstue of Uw 
water 

or {b' + 2bc + i<?)s =io>S. 
Hence, when the depth a of the embankment and its 
bottom-width b + o are given, the breadth e or batter of 
the sloping part may be fouid, which is 



Ex. 1. — A trapezoidal embankment is 12 foet deep, and 
the bottom-width 6 feet ; required the top-width, when the . 
embankment is on the point of being overturned, the weight 
of the material being 100 lbs. per cabio foot. 

DE-c-^/-i — ; V Jog- " 

yi8 =- H feet neatly ; 
hence the top-width Afi-=6 — 1^ = 13^ feet. 
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; Here, as before, it will be proper to observe that the width 

of the embankment must be at least 1 foot greater both at 

top and bottom to secure its stability. 

Ex. 2. — Bequired the top-width of the embankment when 

the depth is 14 feet and the bottom width 7 feet, the weight 

of the material being as in the last example. 

Ans, 2 feet nearly. 

Note. — It very frequently happens that the face of the embankment 
has also a slope or batter ; in this case the section of the embankment 
must be divided into two triangles and a parallelogram, and the moments 
of the several parts added together, as in the last problem ; but, after 
having already seen so much of like subjects, the student vill have no 
dificmly in doing this. 

BEVETMENT WALLS. 

218. Def. — When a wall sustains the pressure of earth, 
sand, or any loose material, it is called a revetment wall. 

219. The thrust of earth, &c., upon a wall is caused by a 
certain portion, in the shape of a wedge, tending to break 
away from the general mass. The pressure, thus caused, is 
similar to that of water, but here the weight of; the material 
must be reduced by a particular ratio dependent upon the 
angle of natural slope, which is about 45° in earth of mean 
quality. Coulomb has shown that the angle which the line 
of rupture makes with the vertical is one-half of the angle 
which the line of natural slope makes with the same vertical 
line. He has also further shown, that when the earth is level 
at the top, the pressure of the earth may be found by con- 
sidering it as a fluid, the weight of a cubic £oot of which is 
equal to the weight of a cubic foot of the earth multiplied by 
the square of the tangent of half the angle included between 
the natural slope and the vertical. Therefore the square of 
the tangent of J 46*'*= 22J° = -1716 is the multiplier which 
must be used in all ordinary practical cases to reduce a cubic 
foot of the material to a cubic foot of equivalent fluid which 
will have the same efiect as the earth by its pressure upon 
the wall. 

220. Prop. — A perpendicular waU A B C D mstains the 
pressure of the earth C B F (fig. to Art. 218) ; required the 
conditions of equilibrium when the waU is on the point of 
being overturned on "D as a centre, 

r9t a = B =s height of the wall, 6 = A B == its breadth $ 
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« as the weight of 1 cubic foot of the wall, 8 »= that of 1 
cubic foot of the earth, and n = *1716 ; then the weight of 
a cnbic foot of the equivalent fluid is n 8, and the pressure 
of the earth is 

whence the moment of the earth is 

a a' a* n 8' 

g X 2 X n B = —g— » 

and the moment of the wall is 

ib X ab X 8^ -g-* 

and in case of equilibrium these moments must be equal, 

ab'8 _ g'nS 
2 "■ T"' 

whence 6 =*, a *>/q~i* 

Ex. 1. — ^A trevetment wall is 40 feet in height, sustaining 
the pressure of earth of mean quality, which weighs 100 lbs. 
per cubic foot ; it is required to determine the thickness of 
the wall, 1 cubic foot of which weighs 120 lbs. 

_ T& ._ -1716 X 100 o- ,-. . , 

fc^av^Q =40 >/" 3 X 120" ~ ^* inches ; 

this thickness must be increased to about 10 feet, that the 
wall may have due stability. 

Ex. 2.— Required the thickness of the wall at bottom 
when its height is 80 feet, its section trapezoidal, as in Art. 
217, and its thickness at the top 2 feet, the weights of the wall 
and the earth being the same as in the preceding example* 

BUBGHABGED BEVETMENTS. 

221. When the earth stands above the wall A C with its 
natural slope A F, A is called a Surcharged Bevetment, 
€ G bding the line of rupture, and therefore A E G C B A 
is the pi^ of the earth tiiat presses upon the wall, which 
part must be taken into the calculation, with the exception 
of the portion ABE which rests upon the wall ; t.«.| the 
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calcnlatioD mnst be for the part C E F G, which mnet la 

rednoed to its equivalent qnantitj' of 

fluid by multiplying the weight of a 

onbio foot of it by the square of the 

tangent of the angle B G := half 

the angle which the imtortil alope 

makes with the vertical, and then 

proceeding as in the last problem. 

For complete investigations on the 
nature of revetments, see MoseUy'f 
Meckanieal PrineipUn of Engineering 
OTid Architecture and Hann's Ms- 
thanice/or Practietd Men. 

ox xi.ABTia FLTni>s. 
222. Skf. — ^Atmospheric air and other gases possess the 
property of oontraotion and expauBion, and are, therefore, 
called eloitie fluida. Atmospheric air ie the best known cf 
bU elastic fluids, and shall, therefore, form the subject of the 
following investigations. 



228. The annexed figure is a glass tube, 
about 82 inches long, open at bottom and 
closed at the top. Let the tnbe be inverted 
and filled with mercury ; then placing the 
finger on the open end, bo as to prevent the 
mercury from escaping, reinvert it, and plunge 
the open end into a vessel of mercury ; if the 
finger be now removed, it will be seen that the 
mercury will stand at the height of about 29 
or 80 inches in the tube, above the level of the 
mercury in the vessel. That the mercury is 
supported in the tube by the presenre of the 
ur on the surface of the mercury in the ves* 
sel is evident ftom placing the barometer 
nndei the receiver of an air-pump (to be here- 
after deBcribed). As the air ia exhausted the 
merom^ sinks in the tube, and when the ex- 
hanstion is carried to its fuU extent, so very 
little pressure is produced on the sorface of 
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tliB meFcory in the vessel, that the merenry in the tube and 
in the vessel are nearljr on the same level ; and when th« air 
is again admitted into the receiver, the mereory will rise in 
the tahe to its previons height. 

Bince the pressore of the air on any portion of the Bnrfitee 
of the mereory in the vessel is equal to the weight of the 
saperinciimbeiit colomn of air, the preBsnre of the mereory 
npwards against the lower end of the tnbe is the weight <^ 
a colDum of mercury, the base of which is the area of a sec- 
tion of the tube, and height a b ; and this presHore is balanced 
by the pieasnre of the aii downwards on the snrfoce of the 
mercury in the vessel. 

224. Pkop. — The dmtity of the mr it pro- 
portvmal to the force that comprettei it. 

Let C B A D be a bent cylindrical tnbe of 
glaaa, having the end C open and the end D 
dosed ; and let the communication between 
the two branches be stopped by ponring in a 
small qnantity of mercnry at C till it fills the 
bent part A a ; then, by turning the cock at B, 
the air in a D will be of the same density as 
the air in AC. Now close the cock at D, and 
ponr in mercury at 0, and it will force the 
mereory to rise in a D ; oontinne this till the 
meronry stands at B, as high above b, to which 
point it has risen in a D, as the height of the 
mercnry in the barometer ; then the colomu of 
mercnry B 6' is eqnal to the weight of a column 
of air resting on it at B, by the last arUcIe. 
Therefore the pressiire against the ab in o D, 
arising from the pressure of both the mercury 
and the air in B S', is twice as great as it was 
against the lur in a D ; and it is now fonnd 
that D 6 = ^ D a ; consequently, the air being 
eompressed into half its natural space, its den- 
sity is doubled. Again, if another column of 
merenry be poured into G B, so that the height 
of the mercury in A above that of the Boer- 
cnry in a D shall be twice the height of tb» 
mereory in the barometer, the piesBur9>againBl 
■the air in a D will now be thruse as great u ii 
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was against it in a D, and the space c D now filled with air 
will be observed to be = ^ a I) ; consequently the density 
in (; D is equal to three times the density of the atmosphere. ' 
Similarly, the density of air is found in all cases to be pro- ' 
portional to the compressing force. 

224.* OoR. 1. — Since the force compressing the air is 
balanced by its elasticity, the elastic force of the air is equal 
to the compressing force ; hence, also, the air's elasticity is 
proportional to its density. 

224.f Cor. 2. — ^Let P be the compressing force • on a 
surface = 1, when the density =i A, and p = compressing 
force, when the density = 8 ; then 

P : ;? : : A : 8, .-. P = ?^ . 

o 

226. Prop.^ — The density of any gas remaining the same, 
its elastic force increases in proportion to its increase Qf 
temperature. 

It appears from the experiments of Dalton, Gay Lussac, 
and otiiers, that all gases, under the same pressure, expand 
equally for equal increments of temperature, at least from the 
freezing to the boiling point of the thermometer; and the 
degree of expansion is the same in all. This expansion for 
each unit of bulk is | of the bulk from 82^' to 212° of 
Fahrenheit's thermometer, that is, the expansion for 212*^ — 
82® = 180° is f ; and therefore the expansion for 1° = tJ-© 
X i = Ti«- ; hence, if V = volume, or solid content, of any 
gas at 82° temperature, and v = its volume at t° temperature, 
tiien 

"" " ^ V +180"/ *^^ V " ^ + 180" • 

Now list P = pressure on a unit of surface of the gas, and 
p = pressure which would reduce the volume v at the tem- 
perature t to the volume V ; then, by the preceding prop., 

"B I p : : Y I v; 

hence, if t — 82 = r, and a = tH» there will result 

P ^ II 

f = y ^ 1 + « ^» 
.•.j>=. (1 +aT)P, 
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and J)— P = aTP; 
that is, the increase of elastioity ia proportional to the in* 
crooBe of tfimperatore. 

THE DmHO'BELL. 

220. The Diving-bell ie a TOBBel inverted in -water, and 
let down to any depth by meana of a rope, the air occnpying 
the r^jier part of the veBsel, and diminiBhing in bulk aB the 
vessel deaoendB in the water. Let AB he the anrface of the 
water, K C F the diving-bell, D d 
the height to which the water 
TiBea in the bell ; also let Y be the 
content of E F, ti the content of 
e Of = space occupied by the 
condensed air, ft ^ weight of a 
colnmn of water, the presBiire of 
which ia eqnal to that of the atmo- 
sphere, A = a, and d ^ x. 
Now, when the air waa In its na- 
tural state and occupied the whole 
apace of the bell, its elastioity 
waa meaenred by the height of the 
colnmn of water h ; bat when it occupies the space e C/, the 
pressure of the water la as the depth Ad = a + x, and the 
preaaure of the atmoaphere is as ft; therefore the whole 
preseure of the air in « C/ is eqnal to the weight of a colomu 
of water of the height ft + a + x ; but the elastic force of 
the air ie iuverBely as the space occupied ; therefore, 
h : h + a + x :: V : -V. 
227. Cob. — When the form of the bell is given, the rah* 
, tion of the above qnantitiea may be determined in nnmbeis. 
For inatance, let the bell be in the form of a prism ; thtm 
h : h + a + X : i V : V :: w: CB, 
.-.a? (a + ft)i»=OD X ft, 
whence the value of x may be foond. 

Ex.— Let the depth AC = a = 100 feet, 01>=:10f^; 
then, since A = 82 feet, the above equation will become 
R? + (100 4- B2) K =: 10 X 82, 
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or, i> + 132* — 320; 
ftnd by Bolving this quadratic, there resnltB, 
a!=-66 + %^66' + 820-=2-381ft.=2ft.4iin.nearly=-C<i, 
the poatiTe sign of the surd being naed, the negative one 
being inadnuBeible. 



ON THE EQUILIBRIUM < 

228. Psop. — The centre of gravity of a body floating in 
a fluid, and the centre of gravity of the fluid displaced by the 
body, are in Ike same vertical line. 

The preasure of the body downward is its weight, which 
may be considered as collected at its centre of gravity ; and 
the pressure of the fluid upward may also be coneidered as 
collected at its centre of gravity, and this preasure ia the 
aame aa the weight of the body, acting in an opposite direc- 
tion ; also, since the body ia at reat, the weight of the body 
downward, and the preaaure of the fluid upward, must be 
oppoaite and equal ; tiierefore the two centres of gravity are 
in the aame vertical line. 

229. Pbop. — To determine when the equUibriam of a body 
flowing in a fluid it stable, unstable, or indifferent. 

Let G be the centre of gravity of the body ABC, floating 
in a fluid, the surface of 
which is A B ; let the 
centre of gravity of the 
fluid displaced be in the 
line M O m when the 
body ia at reat, and let 
G' be the centre of the 
flnid displaced when the 
body ia moved through 
a small angle a ; also let 

the vertical line CK M meet m G M in M, then M is called the 
mstaeentre of the floatbg body. Now, the weight of the 
body acts downward in the direction G P, and the pressure 
of the fluid acts upward in the direction G' M ; and when M 
ia situated above G, these two pressures obviously tend to 
bring tlie floating body back to its former poaition, and 
therefore the equilibrium is ttahle. Bat if the metacentre 
M be below Q, oa at m, the weight of the body, and Qie 
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pressnre of the flnid in the opposite direction, tend to move 
the body farther from its former position, and therefore the 
eqnilibriom is unstable. Finally, if M coincide with G, the 
forces being eqaal, and acting on the same point in opposite 
directions, the body will be at rest in any position, and there- 
fore the equilibrium is indifferent. Consequently the equili- 
brium of a floating body is stable, unstable, and indifferent re- 
spectively, as the fnetacentre falls above, below, or coincides 
with the centre of gravity of the body. 

230. Cor. — The moment of the force tending to bring the 
body back to its former position, or to move the body farther 
from it, is the weight W of the body x FG = WxMGx 
sin a ; .*., when the weight W and the angle a are given, the 
stability varies as G M. 

231. Pbop. — A body immersed in a fluid descends or a«- 
cends with a force equal to the difference between its own 
weight and the weight of an equal bulk of fluid ; neglecting 
the resistance of the fluid. 

Let W = wt. of the body, and w = wt. of an equal bulk 

of the fluid ; then the pressure downward is W, and that 

upward is w ; therefore W — m; = pressure or force which 

causes' the body to descend ; also, W is the mass or weight 

moved, and g multiplied by the pressure or force divided by 

the mass moved, gives 

yf ii; 

the accelerating force downward = — ^^ g, 

282. Cob. — When W is less than w, the body will ascend, 
and the accelerating force upward = (:^— 1 j^. 



ON HYDBOSTATIC MACHINES. 

THE AIB-PUMP. 

288. The air-pump is a machine for exhausting the air 
firom a dose vessel* called ft receiver; thus producing a. near 
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approach to a perfect vacnam. The glass receiver B is fixed 
on a metallio plate, and made perfectly air-tight. A pipe 
commnnieateB with the receiver, and with two cyliudiioal 
barrels a and h, \>y means of two valves opening upwards, 
which are shown at the hottoms of the barrels, ta these 
barrels are two air-tight pistons with valves also opening 
upwards ; these pistons are worked np snd down by a rsck 
wheel. Now suppose the piston in a to be at the bottom. 
and that in b at the 
top of the barrel ; 
then, as the piston 
in a ascends, a 
partial vacnnm is 
formed below the 
piston, and the 
elastic force of the 
air in B and C, 
pressing upon the 
valve, opens it, and 
fills tiie barrel a. 
Next, let the wheel 
bo turned back, and 
the piston a is now 
made to descend ; 
the valve at the 
bottom of a is then 
dosed by the pres- 
sure of Uie air apon 
it, and the valve in 
the piston within it 

is opened, and the air in the barrel is forced oot by reversing 
the motion of the wheel. The wheel acts in the same manner 
on tie piston in the barrel 6, thus expelling a barrel of air 
■ at every_ turn of the wheel, until the elastic force of the air in 
the receiver and pipe is not sufficient to open the valves at 
the bottoms of the barrels, and then the process of exhaustion 
must oease. The air is readmitted into the receiver by a cock 
at A. One end of a bent glass tube d, which is more than 30 
inohes in length, opens into the tube 0, while the other end 
IS nnmersed in a vessel of mercury ; this tnbe acts as a gauge, 
and ^WB, by the aseest of the mercury wilbin it, the amount 
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of rarefaction in the receiver, beoaaBO, as the rarefaction pro- 
oeeda in the receiver, the elastic force of the air preasing on 
the mercury in the gauge-tube ie diminished. 

284. Pbop.— To Jind the density of the air in the receiver 
of an atr-pump after any given number of turns of the wheel. 

Let B be the content of the receiver and pipe, and 6 the 
content of each barrel ; then the air which Med the space 
B, -when the piston in the barrel a was at the bottom, will 
fill the space B + i when the piaton in a aBoends to the top 
of the barrel ; therefore, if S = density of the air before the 
.stroke, 3, = ita density afterwards, we shall have , 

» R3 

•• ^' = STi' 
Similarly it will be found that if 2, be the 
density after n turns, 

^ (R + 4^- 
Eenoe it appears that the density of the 
air in the receiver decreases in geometrical 
progression, and therefore can never be 
completely ezhansted. 



296. The common saction pump is nan- 
ally thus constmoted : A C is a cylindrical 
barrel, A B a pipe having its lower end in 
water, ■> ia a fixed valve opening upwards, 
and p is an air-tight piston, movable by 
a himdle or brake fixed to the rod, and 
having a valve v opening also upwards. 
Now let the piston p descend aa low as it 
eon, each valve being shut ; then, when p 
ascends, there will be a vacuum in the 
ban-el between A and C, and the ralve 
e will be opened by the upward pressure 
of the air in the pip« A B, and the tor wlU 
follow the piston and fill the empty space 
AO. 33ke UT in the pipe will thus be- 
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come rarefied, and hence the pressure of the air on the 
surface of the water at W will be greater than the pressure 
of the air in A B, and therefore the water will be forced a 
short distance np the pipe A B, till the equilibrium is re- 
stored. On again depressing the piston, the valve v is closed, 
and the valve v' forced open (as in fig. 2), through which 
the air in A G escapes. On raising the piston a second time, 
more air rushes &om A B, and the water in the pipe rises 
still higher. Thus, by alternately raising and depressing the 
piston, all the air will be drawn out of A B, and the water 
will rise up to th^ valve v. The piston being now raised, 
water instead of air will open the valve f , and rush into the 
barrel, and, on lowering the piston, the water closes this 
valve r, thus preventing it from flowing back ; at the same 
time, the water forces open the valve v', and passes through 
it, so that the water is now both above and below the piston. 
This action being continued, the water will rise still higher 
above the piston, till it be discharged at the spout S. 

KoTS 1. — In this pump the height of the yalve v above the water mnst 
not greatly exceed 30 feet, because the pressure of the atmosphere, in 
its nttest state, will not raise the water in a vacuum above that altitude. 

Note 2. — The lifting and forcing pumps are only modifications of that 
just described ; they have, however, the advantage, if required, of raising 
water to the height of several hundred feet. See Hydrauliea, Weale*8 
Series. 

286. Prop. — To find the height to which the water will 

rise c^ter any given stroke in the common pump. 

Let the water, after a given number of strokes, rise to P, 
in the pipe A B, and after the next stroke let it rise to p 
(these points are not shown in the fig.). Put h = height of 
a column of water equivalent to the pressure of the air, 
AS=:a, AP = fc, c=A — PB, and B p = a? ; also put 
k = area of a section of the pipe A B, and m k=: area of a 
section of the barrel A S. Now let the piston be at A, then 
the elasticity of the air A P, together witii the weight of the 
column of water B P, is equal to the pressure of &e air, or 
is = column of water of the height h ; hence 

elasticity of air in AP = column of water above P = c ; 
let the water rise to p after the next stroke, then 
elasticity of air in Ap = column of water above jp =c — x. 
Now, the air which filled the space A P, before the rise of 
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thfr piston, will expand, after its ascent, and occupy the space 
p S ; hence 

density of air in AP : density of air ir ^S :: space pS : space AP. 

::{b — x)k + rt»t^ : bk, 

::b — a? + ^^ • ^» 

But the density of the air is proportional to its elastic 
force ; hence 

c — a?: c :: b : b — so ^ ma; therefore 

be = (e — x) (am-{-b — x), whence 

jc* — {am -{• b -{- c) X -{- acm ^^ ; 

whence the valve of x ^c rise of water due to one stroke, may 
be found. 



THE SYPHON. 

287. The syphon is a bent tube, ABO. If its shorter leg 
AB be put into a vessel of water D, it will transfer the 

liquid to the vessel E in the following 
manner. Draw the air out of the syphon 
by suction, or any other means, and the 
water will rise in it to B by the pressure 
of the air on the surface of the liquid 
above A, and then it will descend by its 
own gravity to 0. The syphon being- 
thus filled with liquid, the forces which 
act upon the liquid in the tube are the 
pressure of the air upon the surface above 
A, and the weight of the colunm of liquid 
B 0, acting in the direction ABO; and 
the pressure of the air at 0, and the weight 
of the column A B, acting in the opposite 
direction. But as the column B is 
longer than the column A B by F 0, the sum of the pressures 
in the direction A B is greater than the sum of the pres- 
sures in the direction B A ; the liquid will, therefore, con- 
tinue to flow in the direction A B till the surface of the 
fluid falls to A. 

NoTB. — ^The syphon will not act if the length of tho shorter kg be 
mwdh greatir than 30 feet. (See NoU I, Art 235.) 




288. Cob. — The aetion of intermitting Bpringa that ebb 
and flow, as they are 
termed, depends on the 
principle of the Byphon. 
Water being collected from 
various aprioge a b into 
the cavern A B, and tie 
only way by which it can be 
diacharged being the chan- 
nel B C D, -which is bent 
like a syphon, when A B 
U so foil of water that it 

atanda at the level A C, it will flow out, and oontinne to do 
so until it is either exhanated or on a level with the outlet B. 



ON SPECIFIC GRAVITIES AMD THE EQUHJBMUU; 
OP PLOAimO BODIES. 

2S9. Dbf. — The speeifie gravity of a body is ita weight 
compared with the weight of some other body of the same 
magnitude. Thus, silver has about 10^ times the specific 
gravity of water, because a cubic foot of silver contains 
about 10^. times the quantity of matter that water contains, 
or is, hoik for balk, 10^ times heavier ; the specific gravity 
of a body is, therefore, proportional to its density. The 
specific gravity of distilled water, at a temperature of 60°, 
is usually considered the unit of comparison, or 1, for all 
solids and liquids ; and the specific gravity of air, at the 
same temperature, when the barometer is at 30 inches, is 
adopted as the unit of comparison for all gases and vapours. 

210. Prop. — If a body be eitker wholly or partly immersed 
in a fluid, it is pressed upaardt by a farce equal to the weight 
of the fluid displaced. 

Let A B be the horizontal surface of a fluid, and L M N a 
body suspended in it ; draw the vertical lines p r, q s inde- 
finitely near to each other ; then the indefinitely small por- 
tion m n of the upper snrfaice of the body is pressed down* 
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ward by the weight of the colunm of flnid m n 9 i, and & 
like portion p ; of the under surface iB presBsd npward by a 
force equal to the colnnm of fluid p qr »; hence the dif- 
ference of these forces, which preeBes npwards agatUBt p 9i is 
the weight of the colomu mp q n. 
Siniilarly it may be shown that 
the upward pressores against the 
whole body L M N exceed the 
downward pressures by a quan- 
tity of flnid equal to Uie magni- 
tndeofthebody; that ie, the body 
is pressed upward by a force eqoU 
to the weight of the fluid dis- 
placed. Again, let A' K be tbfi 
surface of the fluid, the body being now supposed to float in 
the fluid ; then the pressure apwt^ against j> 9 is eqnol to . 
the eolnmn p^" «' q; hence the sum of all the upward pres- 
sures is equal to the weight of fluid of the bn^ U' N' L ; 
that is, the body is pressed upward by a force equal to the 
weight of the flnid displaced. 

241. Cob. 1. — When thebody^ot^ in a fluid, itdiapIaoeB 
a quantity of flnid equal in weight to itaelf ; and when it 
nnla it displaces a quantity equal to its fruU. 

242. Cob. 2.— The' weight lost by a body, when wholly 
inunersed in a fluid, is equal to the weight of an equal bulk 
of the fluid. 

248. Cob. 8. — A aolid placed in flnid will sink, if its spe- 
cific gravity exceed that of the fluid ; it will float on the 
surface, being at the same time partly immersed, if its spe- 
cific gravity be leBB than that of Ute fluid ; and it wiU remain 
wholly immorsed, at any depth, if the apecifio gravities of this 
fluid and solid are equal. 

944. Pbop. — To determine the apectfie gramtiei oj 
bodies, 

(I.) For a solid heavier than its buJJe of water. — The spe- 
oiflc gravity of a solid body is found by the hydrostatic 
balance C F, which is a common pair of scales, with a flne 
silver thread attached to the under surface of the sutle 0. 
The mbstanoe 8, the specific gravity of wbiolt is lequind* 
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is first weighed in air, and 
then, being attached to the 
thread, is immersed in pore 
watet at the temperature 
of 60^, and again weighed. 
Let W be the weight of 
the body in air, and w its 
weight in water ; then 
W — w is the weight lost, 
which is equal to the 
weight of fluid displaced, 
by Cor. 2 of the preceding 
Prop. ; hence W — w is also 
the weight of water equal 
to the bulk of the body, 
the weight of which is W ; 
therefore, 

W : W — it:: Wt. of body : wt. of an equal bulk of water 

: : specif, grav. of body : specif, grav. of water. 

Now, since the specific gravity of water is 1, by the Def* 
Art. 289, therefore 

W 
specific gravity of the body =« -= • 

W— to 

(2.) For a solid lighter than its bulk of water, — ^Attach to 
the body another soHd heavier than water, so that the com- 
pound body may sink in water. Put W = weight of the 
heavy body in air, vf = its weight in water, C = weight of 
the compound body in air, and c = its weight in water ; then 

wt. of water = in bulk to comp. body = C — c, 
ditto to heavy body == W — «^i 

.•.ditto to given body = C — c— (W — «^); 

hence W : C — e — (W — k^) : : spec. grav. of body : spec. 

grav. of water ; and therefore 

W W 

spec. grav. of body = c-o-(W-i7) ^ W + ii< + c' 

(8.) For a liquid or powder, — ^Weigh a phial, first when 
empty, secondly when filled with the liquid or powder, and 
thirdly when filled with pure water \ then the weight of tho 
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liquid or powder divided by the weight of the water wid be 
the specific gravity required. 

(4.) For any kind of gas^ Sc. — Extract the air, by means 
of an air-pnmp, from a flask containing about a gallon, and 
formed of thin copper, with a narrow neck, which may be 
opened and closed at pleasure by a stop-cock ; now, having 
weighed the flask, let it communicate with the vessel con- 
taming the gas, the specific gravity of which is required to 
be found. The flask, being filled, is again weighed ; and the 
diflerence of these weights will be the weight of the gas, and, 
since the content of the flask is known, the specific gravity 
of the gas is found as before. 

Note. — In the preceding methods of finding the Bpecifio gravitieB of 
bodies, it has been assumed that the weight of the body in air was the 
true weight of the bod^ ; but since air itself is a fluid, the body loses 
a portion of its weight in air, in the same manner as when weighed in 
water ; a small correction is therefore required on this account, Uiat the 
weight of the body in a vacuum may be obtained, which is the true weight. 

246. Pbop. — The specific gravity Q of a body is given^ as 
determined by weighing it in air and water ; to find its true 
specific gravity. 

Put W = wt. of the body in air, w = its wt. in water, ae 
before, a; = its true wt. = its wt. in a vacuum, and y =» 
spec. grav. of air as compared with water ; then the wt. of 
an equal bulk of water = x — u;, and the wt. of an equal 
billk of air s= a; — W ; hence 

X — w I X — W : : 1 : y, 

X — W = y (a? — w), whence 

W — yw 






1— y ' 

X 

but the true specific gravity of the body is , and by 

substitution, 

X ___ W — yW ^ 

X W W 117 

Now ^ - = G, and ^ = G — 1 ; whence by sub- 
stitution, &c., 

the true specific gravity = G — y (G — 1). 
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TABLE OP SPECmO ORAViriES. 
{Weights in ouneeaper cubic foot.) 



1CBTAL8. 

Fhttmnm 
Pare gold, cast 

hammered 
Mercury . . 
Lead . 
Pure sLLver, cast . 

hammered 

Bismutih, cast 
Copper, do. . 
Cobalt, do. • 
Nickel, do. • • 
Lron, do. • • 
Bar iron • 
Steel, hard • • 

soft . • 

Tin, cast . • 
Zinc, do. . • 
Antimony, do. • 
ArHflinifi, do. . 



19*500 
19*258 
19*362 
13*568 
11*352 
10*474 
10*511 
9*823 
8*788 



812 
807 
207 
788 
81G 
833 
291 
191 
6*702 
5*763 



ICDTBBAL P&0DUCTICN9. 

Ponderous spar 

Oriental ruby 

Oriental sapphire 

Oriental topaz 

Oriental beryl 

Diamond . 3*501 to 

White Parian marble 

Qreen marble 

White marble of Carrara 

Jasper . . 2*660 to 

Granite . 

Pure rock crystal 

Purbeck stone 

White flint . 

Portland stone 

Plumbago 

Newcastle coal 

Staffordshire coal 

Pnmicci stone 



Flint glass 
tHiite glass 



4*430 
4*283 
3*994 
4-011 
3*549 
3*531 
2*838 
2*742 
2*724 
2*764 
2*950 
2*653 
2-601 
2*594 
2*580 
1*860 
1*270 
1*240 
914 

3-329 
2*892 



Green glass . 
Alabaster • , 
Brick . 

Gunpowder, about 
Ice • . . 



2*642 

2-000 

2000 

•937 

-930 



WOODS. 



Lignum vitas 
Box, Dutch 

French 

Heart of oak 
Dry oak . 
M^ogany 
Beech . 
Elm 
Fir 

Poplar . 
Cork « 



1*333 

1*328 

970 

(60 years old) 1170 

•925 

1063 

850 

•600 

*570 

383 

-240 



LIQUIDS. 

Sulphuric add 
Nitaic acid . 
Water from the Dead Sea 
Human blood 
Cow's milk . • 
Cider . . • 
Sea water • 

Water at OO** . 
Wine . , 
Olive oil • 
Pure alcohol , 
Muriatic ether 
Naphtha 



1 
1 

1 
1 
1 
1 
1 
1 



841 
217 
240 
053 
032 
018 
026 
000 
994 
915 
792 
730 
708 



OASES. 



Atmospheric air 

Do. compared with water 

OxTgen . 

Chlorine 

Hydrogen 

Nitrous oxide 

Carbonic acid 

Coalgas 



1*000 
001225 
1*112 
2*500 
0*069 
1-524 
1*527 
450 to '650 



Ex, I. — ^How many cubic feet are there in a ton of dry 
oak? 



- — 88fH cubic faet. Am. 



Ex. 2. — A piece of copper weighs 98 groine in air, and 82) 
grains in water ; what is its specific gravity ? Am. 8'667< 

Ex. 8. — A piece of elm weighs 80 lbs. ia air, and when a 
piece of copper, which weighs 82 Ibe. ia water, is connected 
with it, the compound weighs 6 lbs. in water; what is the 
specific gravity of the elm ? Ant. '600. 

Ex. 4.— A cast-iron pipe is 6 inches diameter in the 

bore, and 1 inch in thicknesH ; required the weight of a 

' a foot. Ana. 67'46 lbs. 



Paet IV.— hydeodtnamics. 

246. Hydrodynamtea treats of the motion of flnida, and of 
the forces which they exert upon bodies to which their aotioD 
is Bpphed. 

247. Pbop — The vehcUy of a fluid midng from a tmaU 
onfiee at the bottom of a veisel, kept cortMtantly fvR, is egval 
to theU which a heavy body would ae^ire in failing through 
a space eqiud to the depth of the orifice below the surfaoe of 
the fluid. 

Let A B be the snrface of the finid, D the small orifice. 
Consider the fluid to be composed of an 
mdefinite number of lamioffl, which 
during their descent remain parallel ; 
then, wliatever moving force is lost by 
the descending fluid will be oommnnicated 
to the fluid at the orifice. Let D c he a 
L.* '■'*^'*%S5^33 B'"^ column of fluid discharged in the 
!& ''/""^"S^ indefimtely small time t by the pressure 

column which would have been discharged by its own weight, 
that IS, by its gravity in the same time t. Let also V and t> 
be the v^ooities of the fluid in the columns D e, D b, by tli9 




MOTION OF FLITXDB. 121 

pressorefl 0]>, D ( ; then, since the moving forees are as the 
quantities of motion produced in a given tune, 

<; D : D 6 : : column D c x Y : column D 5 x v ; and 

because the spaces described by constant forces in equal 
times are as the velocities acquired, 

2g 2g 

and since v is the velocity in falling through D b, by the force 
of gravity, 

F = ^, and similarly CD = ZL; 

.•. Y ^ V2g .CD, 

which is ihe Velocity acquired in falling through D by the 
force of gravity. 

248. Cob. — Since fluids press equally in all directions, the 
preceding Proposition holds, when the orifice is in a side of 
the vessel, or when it is made to throw; the fluid in a vertical 
or oblique direction ; in the former case it will rise to the 
level of the fluid in tiie vessel. 

249. Cob. 2.— If h = height of the vessel, a = area of 
oriflce, and Q = quantity of fluid discharged in one second; 
then 

Q=sa ^ 2gh; whence 

Q , and h^^. 

Ex. 1. — ^E^d the velocity with Which water issues from a 
small oriflce at the bottom of a Vertical tubCi filled with 
water to the height of 100 feet. 

V=v'2-^X100= -/64ix 100=20 yi6A^80ft.2iin. nearly. 

Ex. 2. — ^Find the same when the water issues into a 
vacuum, its upper surface being open to the air. 

Here 82 feet must be added to the height of the water in 
the tube for the pressure of the atmosphere, alter which the 
method for solution will be the same as in Ihe last Example. 

EZf 9*-— What quantity of water will be discharged from 
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a veBsel 10 feet high, in one Beeond.'tbKotgVaii orifice 1; 
inch in diameter in tiie bottom of the vessel ? 



it descends, 



where K = turfaoe of vessel, t=; area of oriffoe ; and when t is very 
small, the velacitj becomee V 3^ . C D, which is -the same Telocity as 
IhSit already foHiud. * 

IforK 2.^EipeTiment8 do. not agree 'With this theory as to the 
quactity of water dlBcharged ; Boasiiet hiia sliowii that the actual dis- 
charge'; flie theoretical discharga : ; '62 r I, or neaily aa'fi ; 'S.-^Tha 
vBin of water that iaaues throngh the orifice euffcra iL contraction, hy 
which its, section has hoen found to be diminished in the Bbove ratie. 
This bontractioD has' bean called the vena eontraela, and calling the 
area of the orifice I, the area of the vena amtraeta will be ^ ^ ■6%^ 
nearly, Hence the theoretical quantity of the fluid discharged must 
he multiplied by J to obtain the true quantity. 

251. Peop. — To determine tl)4 time ijf emp^/mg any veitH 
through a venf small orifice, . 

: LetM:N-be the surface of the descending finid in the vessel 
HON, and the orifice; put PO « 
a:,-PN = PM= y» K —area of the 
. descending surface, and k ^ area of 
' &e. vena- cQntracla, -an^ t = time of 
discharge. Then -the velocity of the 
.-fluid at'the vena,contracta-^= ^%gas, 
and therefore the quantity oT fluid dis- 
charged in the indefinitely small time 
. dt is equftl to i d ( \/2 J ib. Now, let 
- the surface trf the fluid in the vessel 
descend from MN to- Jhn in' tiie ihaedt; then_Py =^ da;, 
and the content lUCNnm^^ — Kda-g bat this la eqnal to 
thetlnantity i>f floid discharged, therefore 
*dt^27» = — KrfiB 

- - ■ ' d^t.= ^Mi 



'=-^^ 
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-kdx 

252. CoE. — ^When the veBHel M N is a solid of revolntioii 
rotutd the veitioal axis F, then K ^^ d- y*, and therefore 
. - — wy'da'. 

. in which, if the valne of y be inbstitnted in tenns of ce, the 
integral may be readily found. 

2fi8. Pkop. — To find tht dittartce to which leatm- vdU ipout 
through a imaU orijiet in the vertical side of a vettel placed on 
a horizontal plam. 

Let O A be a veseel filled with water, C a email orifice in 
the vertical side AB, and AH 
the horizontal plane. On AB 
deecribe the eemicircle A F B, 
and draw the ordinate C D ; 
then by Art. 249, Note 1, the 
Telocity of the fluid will be very 
nearly eqoal to that which would 
be acquired by a body in falling 
down B C ; this velocity maet, 
therefore, be considered as that 
with which the flnid is pro- 
jected. Now, the onrve H, 

described by the flnid, is a parabola, and B C ^ J of its 
parameter at C, by Art. 161 ; and since the flnid evidently 
sponts borizontally, C is the vertex of the parabola, C A ^ 
axis, and A H an ordinate ; therefore, 

AB? = 4CBKCA = 4CD»{bythe nature of the circle), 
.■.AH = 2CD. 1 

264. Cob. — Whenthe orifice bisects AB inE,thediatance 
Bponted by the flnid will be = 2E F = AB = depth of the 
fluid, which ie evidently the mazimnm distance that it can 
^out on the horizontal plane A H. 

256. Prop. — To find the velocity with which water is dis- 
charged from a reurvoir oj given height h, through a pipe of 
given length I, amd diameter d. 

The expmments and investigations of M. Poucelet are 
02 
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considered strictly accnrate : the limits of this work do not 
admit of their insertion here. The following is his formula for 
the velocity per second, all the dimensions heing in feet : — 

V = 48 ^/. ^^ 



l + Hd 

Ex. 1. — ^Water is brought to supply Mentz from a reservoir 
65f feet in height, by pipes 9848 feet in length, and 8^ 
inches in diameter ; required the velocity of the water per 
second. 

First 8A- in. = -2625 of a foot, and 65* = 65-6 feet, thea 

.Q , hd _.f. , 65-6 X -2625 _ q ^^^^ ^,, 
'^'°^Q^H:545 = ^^^ 9848+54x-2625 =^^^^^P^^ 

second nearly. 

Ex. 2.-7-!!^ the last example how much water will be dis- 
charged in 24 hours ? 

The area of the section of the pipe = -7854 x (-2625)^ =» 
•0641 square feet, the quantity of water per second = 
2 X -0541 == -1082 cubic feet, and 24 hours = 86400 
seconds ; .*. the quantity of water brought by the pipe in 
24 hours will be 

86400 X -1082 = 9348J cubic feet. 

256. Prop." — To determine the mean velocity idth which 
water runs in rivers and open canals. 

The formula for this purpose is also derived from experi- 
ments, of which no less than ninety-one were made by E3i;el- 
wein on rivers and canals. The cQmensions used by him are 
reduced to feet, and are the following : — 

c = wet contour, 

s = area of a section of the fluid, 

- = hydraulic mean depth, 

g «= force of gravity, 

a = angle of inclination of surface of stream, 
and V = mean velocity ; then 



^ s 

V = 's/i^Y 9 * — sin a + (xoi?)' — ~^^ = the velocity in feet. 

c 

KoTB, — It has been proved that the greatest velocity is at the surfiM^e 
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in the middle of the stream ; from which it diminishes towards the 
bottom and sides, where the velocity is least. 

ON THB FEBOUSSION AND BESISTANOE OF FLUIDS. 

257. Pbop. — WTien a stream impels a plane perpendicular 
to its actiarif the force with which it strikes the plane is as 
A d V; where A = area of the plane, d = density of the 
fluid, and Y = tts velocity. 

The impulsive force of the ^stream is as the nnmber of 
particles that strike against the plane in a given time, multi- 
plied by the force of each ; and the number of particles that 
strike the plane in a given time is evidently z=z AdY; also, 
the force of each particle is proportional to Y ; .*• the force 
of all the particles against the plane is slb AdW 

KoTB. — It has been supposed that after the particles strike the plane, 
their action immediately ceases ; but in reality they rebound, and acting 
on those which are behmd, reteurd their velocity ; therefore a difference 
will result between theory and experiment. 

258. Gob. — ^If / = impulsive force of the stream against 
the plane A, A; = a constant co-efficient to be determined by 
experiment, and h =^ height due to the velocity Y, so that 
Y» ^2ghi then 

f^2Akdgh. 

259. Pbop. — If a stream strikes perpendicularly on a plane 
which is itself in motion, the impulsive force m = A d (^ — vf ; 
where v is the velocity of the plane. 

It is obvious that both the number of particles which 
strike the plane, and the force of each particle, must be as the 
relative velocity, that is, the difference of the absolute veloci- 
ties (the force) will be as A (i (Y — v)', or/ = Akd (Y — v)\ 

260. Gob. 4. — ^When v is opposed to Y, that is, when the 
plane moves against the stream,' then/ = A A; d (Y + v)\ 

261. Cob. 2.— When Y = 0,/= Akdii"; therefore a 
plane moving against a fluid at rest receives the same im- 
pulse as if the fluid were to move with the velocity v, and 
the plane to be at rest ; that is, the resistance of a fluid to a 
body in motion is the same as the impulse of a fluid which 
moves with the same velocity against a body at rest. 

THE WATEB-WHBEL. 

262. It has been found by experiment that a water-wheel 



pi^ohnB &e grieatest quantity of work when the veloeity of 
the water is 2i times that of the wheel, whence, by Art. 259, 
the power of water (the velocity of which is given) striking 
the paddles or float-boards of wheel might be calculated; 
bui tlie following method has been found in practice to be 
lelss complicated; for when a body descends from a given - 
height, it is capable of raising a body of equal weight through 
the same height. Therefore, i5 water fall upon a wheel, ti^e 
quantity of work which it is capable of peiforming, abating 
mction,. is equal to the product of the weight of ^e water, 
and the height through which it descends; whether it falls 
i:^on the paddles of an undershot or a breast wheel, or into 
the buckets* of an overshot wheel. 

2ft8. Prop. — Given the breadth a, and depth b, of a stream-, 
its mean velocity v, in feet per minute, the height h, of the fall, 
and S = specific gravity of water ; it is required to determine 
the horse-power of the water-wheel wJien die modulus of the^ 
n^hine is nth part of the work of the water, and U = units of 
wprh in a horse-power* 

- Water 'descending per minute 7=^ abv cubic feet. 

Weight of water in the same time = a & t; S lbs. 

S[ence work of water per minute . . :&= abhvB, 
; And the work of the wheel nabhvB\ 

itl /V 7ft % 4f S 

s.*. HP = horse-powers = == . 

Ex. 1.— ^The breadth of a stream is 5 feet, depth = 8 feet, 
mean velocity 20 feet per minute, and height of the fall 25 
ffeet ; required the HP of the water-wheel which performs { 
of the work of the water ; that is, f of the 'woi'k of the wheeS 
is lost by friction. 
^trD nabhv^ 4x5x8x20x25x62-6 -- . 

^ = U 5x38000 =^^^' 

Ex. 2. — ^The section of a stream is 4 feet by 8, the meaii 
velocity of the water 20 feet per minute, and the fall 80 feet ; 
what is the HP of the water-wheel, its modulus being | ; and 
how many bushels of com will the wheel grind in a day of 
14 hours, one HP beittg able to grind a bushel of 00m j^er 
bocur? . . 
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^ U— = 6x83000 = ^^**- • 

.•. bushels "ground per day = lOJ? x 14 = 152tV« 

Ex. 8. — The section of a stream, the mean velocity, and 
&11 of the water are the same as in the last example ; how 
many cubic feet of water will the wheel raise to ihe height 
of 120 feet, the modulus of the machine being i of the work 
6f the water? 
'- Put H = the height to which the water is pumped ; then 

Work of the wheel per minute == nahhvS units, 

. „ of pumping 1 cubic foot of water ^ H S „ . 

nahhvS 



r, number of cubic feetpumped per min. = 



HS 



"tl^^ whichiBtmmber gives'^ >^^- ^>'J^ >< ^^ ^. 
H 120 - -' 

40 cubic feet. ' -' 

^ WOBK PEBFOBBIED BT THE SUN's EVAPOBATION* 

. -264. The heat of the son is continually raising the temperature of 
iAkQ atmosphere, l^us making it capable of absorbing water from the. 
immense suii&iee of the oceans and seas that suiround the earth. Thtf 
water, thus raised, forms clouds at various elevations above the 
earth's surface. The sudden cooling of the atmosphere, either by cold' 
ciuT^its or by meteoric ehanges, precipitates these cloud? in* the form 
of rain ; while the dews of night descend by the gradual cooling of the 
atmosphere, through the absence of the sun. The water, therefore, 
which thus £gi11s, may be considered as the measure of the sun's evapo- 
rating x>ower. In the torrid zone the annual -fEtll of rain and dew 
amounts, at« medium, to about lOOinchesindepth, and at the northern 
border of the temperate zone, as at Archangel, the medium fall of 
water is about 20 inches in depth ; the mean of these depths is 60 
inches or 5 feet, which may be taken as the mean depth of water which 
descends upon the whole of the earth's surface. Now, if we take 900 
feet as the mean height from which this winter £eJ1s in tiie form of rain. 
and dew, there will result. 

The work of the water falling on one square mile of the earth's 
surface per minute, through the agency of the sun's evaporation in 
horse-powers ;. that is, 

_ 27878'400 X 6 X 900 X 62-5 __ 
^^ — 366 X 24 X 60 X 33000. "" *°^* 

Hence the work thus done on the whole sur&use of the globe, 
taking its diameter at 8,00i> miles, will be 

- HP = 8060« X 8*1416 X 462 = 90^80,204,800. 
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^ow, taking the united pawen of all the steam engines in the BritiBh 
Ides to be 2} millions of horse-powers, and the united powers of all the 
0team engines in all the other states of tiie world to be 3} millions of horse- 
powers, tiius giving for the steun engines of tiie whole world 6 millions 
of horse-powers, whic^, it is presum^ is not fax horn the truth, at the 
present tune (1861), we shall have the work due to the sun's evaporatioii 
somewhat more thaii 16,000 times the work of all the steam engines in 
the world, supposing them to work continuously day and night. This 
comparison shows how insignificant the most stupendous works of man 
axe to tiiose of his G&batob. Though only a very trifling part of this 
vast power is available for the purposes of moving machinery, yet it 
serves a still more important purpose in watering and invigorating the 
vegetation on the surrace of the earth, and in producing the countless 
small streams up to large rivers, which divex^ify and spread health 
throughout creation, as well as supply immense &cilities for inland 
navigation. Sudi is the stupendous and mag^nificent scale by which 
we must measure the mechanism of creation, and such the boundless 
power and beneficence of the Gbeat Cbeatob. 

One of the immense results of the power of evaporation may here be 
given in the 

Work of the Great Fall or Cataract of the Ewer Niagara. 

This river, which discharges all the water issuing from the great 
central chain of lakes in Korth .America, fiJls with astonishing grandeur 
over a perpendicular rock 133 feet in height, in one unbroken sheet; 
the rapids above this fs^ extend several miles, maldng an addition of 
200 feet to the height of the &11 ; tiie whole height of &e iall is there- 
fore 333 feet. It is calculated that 33 nuUions.of tons of water are 
discharged, at an average, per hour by this fall ; hence the work of the 
water per minuto may be readily dotormined in horse-powers ; that is, 

„-, 33000000 X 2240 X 333 _ . « . «„ .„„ 
HP 60X33000 12,432,000. 

This river is, therefore (see last Art.), capable of performing more 
work than twice the work of all the steam engines in tiiie whole world. 
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Assmning that the average height of the rise of the tides in the 
Atlantic and Pacific oceans to be 20 feet, which is probably less than 
the tnie average, and the united length of the coasts of these two 
oceans (which may be said to extend from pole to pole) including their 
windings, to be 100,000 miles, we shall tiius have a body of water 
100,000 miles in length raised to the height of 20 foot, and of a breadtii 
varying according to the widths of the respective oceans. This vast 
power is immensely greater than that which results from the sun's 
evtvporation (Art. 264) ; and is due to the joint attonction of the smi 
ana moon. Although a very small portion of this immense power 
is used for mechanical purposes, on account of its being inconveniently 
situated for that purpose; because the shores of mese oceans are 
exposed to tempests, whidi would in most oases greaUy dunage or 



MISOI^LLAKEOnS QT7EdTI0NS« 129 

entirely dejstvoy any machinery which might under other ciromnfltances 
'be conyeniently moved by the tide. There are, however, a few ponds 
which are filled by the tide in convenient situations for moving the 
machinery of com mills, &o. Yet the rise of the tide is of immense 
importance in aiding the purposes of navigation, by its repeated flow 
into numerous rivers, harbours, bays, creeks, &o., which would other- 
wise^ in many cases be edmost useless for this purpose. Besides, the 
continued agitation of the ocean by the tide diffuses the saline matter, 
derived £rom some of the strata which form part of its basin, equ^y 
through every portion of its liquid mass ; thus maintniniTig its waters in 
a perpetual state of salubrity, which would otherwise become stagnant, 
and in all probability so putiid as to be destructive to animal life. We 
may hence perceive another grand purpose of the Great Cbbatob 
carried out by the agency of me tide for tiie continued renovation of 
nature, and of fiEir greater importance than its use as a moving power 
for machinery, which the ingenuity of man, by the agency of steam, 
can produce in localities more convenient for his several requirements. 

MISCELLANEOUS QUESTIONS ON HYDBOSTATIOS AND 

HTDBODinrAMIGS. 

Ex. 1. — The depth of water pressing against an embank- 
ment is 9 feet ; required the pressure upon 40 feet of its 
length. Afis. 45^ tons. 

Ex. 2. — ^An empty vessel is sunk 600 feet in sea- water ; 
required the pressure on a square inch of its surface. 

Ana, 209f lbs. nearly. 
^ Ex. 8. — A flood-gate 10 feet deep and & feet wide is placed 
vertically in water ; required the pressure on the upper and 
lower halves of the gate, the water standing at the top. 

Ans. 8906} and llTlSf lbs. 

Ex. 4. — ^A cubical iceberg swims, witii its sides verticali 
100 feet above the level of the sea; required a side of the 
cube. Am, 826 yards. 

Ex. 5. — -Pind the thickness of a wall at the bottom, the 
section of which is a right-angled triangle, sustaining a body 
of water against its vertical side, the height of the wall being 
12 feet, tibie depth of the water 10 feet, and the specific 
gravity of the wall to that of the water as 11 to 7. 

Ans, 5 feet If inch. 

Ex. 6. — The concave surface of a cylindrical glass bottle, 
filled with fluid, is divided into 4 annuli, so that the pressure 
on each mmulns is equal. to the pressure on the base; re- 
quired the height of the cylinder and the breadth of each 
anxralus, ite i^sMdiujs of &e cylinder being given. 
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Ex. T.-^Bequited the thickness of the wall in Ex. $9 
when its section is a vertical rectangle. 

Arts. 4 feet 2| inches, nearly. 

Ex. 8.--rA diving-bell in the form of a cone is let down 
into the sea to the depths of m and n fathoms ; required tho 
heights to Which the water will rise within it, its axis and 
diameter of its base being respectively a and b feet, and the 
barometer standing at 80 inches. • 

Ex. 9. — How deep will a globe of oak sink in commoz^ 
water, its radius being 1 foot ? Am, 1 foot 8i inches. 

Ex. 10. — ^Each of the 8 pontoons, used in floating the parts 
of the Britannia tabular bridge was a parallelopiped 100 feet 
in lengUi, 25 feet in breadth, and 12 feet in depth ; required 
the weight of their united power of buoyancy, supposing 
them all to sink till even witii the surface of the water, and 
that ibe Weight of each pontoon was 200 tons. 



paet v.— central forces. 

DEFINITIONS. 

265. Centripetal force is a force which continually tends 
to draw or impel a body towards a certain fixed point or 
centre. 

266. GefUrifugal force is that which impels the body to 
recede from such a -centre, if it were not prevented by the 
centripetal force ; this force, according to ihe first law of 
motion, impels the body to move uniformly in a straight line. 

267. The centripetal and centrifugal forces are called ceu" 
trcd forces^ because, by their combined actioii on this • same 
body, they cause it to describe a curve round a centre. 

268. The radius vector is a line drawn from the centre of 
force to the moving body. 

269. Pbqp. 1. — When a body y acted upon by aforcatendr. 
ing to aftosed point or centre ^ has also a projectile motion in 
a direction not passing through fhat centre, it mU move in a 
curve line situated in one plane ; and the radius vector wilt 
describe equal areas in equal times, or areas proportional to 
the times, . 

270. Let tl^^body move along A B unifoxmfy in a unit of 
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time by apnyectile or cen&ifagal force; then bjr Hewton'a 
first law of motion, if no other force vere to act on th^ 
body, it would move in the eamo 
straight line to a, in the next unit 
of time, making the diatajice B a ^ 
AB. Now, when the body is at 
B, let a centripetal force, or a force 
tending to the centre S, act upon it, 
and by a single impnlae draw it 
itlong £p in A unit of time, in the 
game manner as if thb force alone 
acted .npon it. Complete the pand- 
lelogram B a p, and join SG, Ba. 
}lien, eince the body would move 
along B a in conseqaence of the 
origkial force,- and along Bp in 

coneeqnence of the centripetal force at 6, by the composi- 
tion of ihotion (Art. 10), the body will move along B C, 
the diagonal of the parallelogram. Also, becaose C a ii 
parallel to S B, the area S B =» area 8 B « (since A B = 
B a) = area BAB. In like manner, if the two forces act on 
the body at' C, the centrifugal in the direction C b, and 
the cen^petal in the direction C 8, these forces will causa 
the body to describe the diagonal C D of the parallelo- 
gram CbD q, and the radios vector 8 D wiU describe the 
area BCD = area SBC = area SAB, in the next mdt ot, 
time; and so on oontinnally. Now, suppose the unit of 
time to be diminished, and the number of units to be in- 
creased, both indefinitely ; then the areas described by the- 
radios vector in these units will still be equal to each other, 

and consequently the polygon ABCD E will ultimately 

be a curve line, and the centripetal force, which was assumed 

to act by impulses at B, C, D E, will be a continnoiu 

force acting at every point of the curve ; )>nd since it has 
been proved that equal areas are described by the radial 
vector in equal times, it is evident that in difieient times the 
areas described will be proportional to these times. 

NoTB. — This is K^et'tjirtt law of Sanitary Ifotien, vhich te di»- 
Dorered by lie aid of obserration riiMie, and which was first oqnfinne4 
by Mothmalital Dm n tnttratiut, ty Sir I. Ihwitu, aa ihbwn in ttiis pre* 



271. Cob. — ^If abod; move in a cnrve, ao that the radina 
vector, drawn from the body to a fixed point, passee over 
areas proportional to the times, the body is acted apon by a 
centripetal force tending to that fixed point. 

272. Paop. 2. — The velocity of a body, moving m a curt* 
ADE at any point D, is inversely as the perpendicular SY 
dramnfrom tk£ centra of force 8 upon the tangentDY to th4 
curve ^ D. (See last figure.) 

Put 8 Y — p,r = time of describing C D, and v = velo- 
city at D; then CD"=Tu, and thearea BCD = JCD.8Y 
= i TV xp. Now, if A = area described by the radins 
vector in a unit of tjme, Ar will be the&rea described in the 

time T = areaSCD; .■, At = i rvp, and w = — , that it, 

P 
the velocity variee as — , or inveiMly as the perpendicolu 
P 

d in a unit of time 

278. Prof. 8. — If one body be dravm in a straight Ufu 
A B) toward* the centre of force S, and anotJier body revolve 
in a curve line A M B about the tame centre 8 ; then if tha 
farce at^ie egwd at all ejual dietancee, and the velocities of 
the iodiet he egvai tn any one case, when they are at efu^ 
distance* from B, their vehicitiet tetU always be eqval at equal 
diManceafrom 8. 

Let the two velocities of the two bodies at the eqoal distances 
SN, SM be equal. Take Mm an in- 
definitely small arc, which may be con- 
sidered as a straight line, and describe 
the circular arcs M N, m n, from the 
centre 8, and drawtheradii veotoresMS, 
m B ; from p, the intersection of M 8, 
M B, draw p q perpendicular to M m. 
Let/ be the accelerating force at N or B£ 
towirds the centre of force 8, and let Nn 
or Mp represent this force. Now, the 
force 'iS.p may be resolved into the two, 
M9, pq: of these two forces M; alona 
Is efficient in acc«leratii^ the body's motion at M. Put ^ 
angle 8 M m ; then the actual force U j' — / 00s 0, and, ba* 
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o&UBe M m is mdeSmtely small, the increaae of velocity from 
U to m will also be indefinitely small ; therefore M m may 
be nltimately anppoeed to be described with a uniform velo- 
city ; and since the velocities at N and H are eqnal, if r ^ 

time of describing Nn auiformly, then ^^—t^ 5,^^ 

time of describing M m Tmiformly mih the same velocity. 
Now, the increment of the velocity from N to n is eqnal to 
the product of the accelerating force and time =/t ; and the 

incrementflf the velocity from M torn ^y COB d r-=/T, 

which is the same as in the former case. Therefore, since 
the velocities at K or IE are eqoal, and the increments of the 
velocities from N to n and from M to nt are also equal, the 
velocities at n and m mnst also be equal ; and siioilarly it 
may be shown that the velocities are equal at all other equal 
distances. 

271. Gob. — When the bodies pass throngh the centre of 
force 8, or recede from it, the same proposition holds good 
with respect to their velocities. In the former case, though 
theoretically correct, it ia practically impossible. 

276. Prop. IV. — If a body detcribe the eiraumftrmce of a 
circh AaB unt/bnnly in eonteguence of a projectiU and an 
attractivf force, the latter being lituated at the centre 8, the 
aeeelerating force acting upon the body it meaeured by the 
eqitare qf th« velocity divided by the radius of the circle. 

Let the body describe the arc A a uniformly in the time 
T, vrith the velocity V, and let 
AS = R; then Aa = rV. 
Now, the body would describe 
the tangent A T nniformly 
with the same velocity, and in 
the some time, if it were not 
acted upon by the central force 
at S; but as it describes the 
arc A a, it is evident that the 
force at S upon the body at 
A would make it describe A n 

or T a in the time T ; sT, anbeingrespeotivelyperpflndioiilar 
to AT, AS. Let/ = aceeleratiiig force at A, which foro* 
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may be considered constant through the indefinitely small 
space An or T a ; therefore by Art. 134, An = T a = i/t*. 
But A n X 2 A S = (chord Aa)» 

= (arc A a)' ultimately = V* t*, 

and .-. J/t* X 2R = V»t». 

Hence / = w * 

275a. Cob. 1. — K T be the time of one entire revolution 
of the body round the centre of force S ; then, since the 
whole circumference A a B = 2 w R, there^will result 

^ « ^ 27rR 
TV = 27rR, or V= -7p-- 

V» 4,T^R , . 

Hence/ = -g- = ^ •» . 

276. Cob. 2. — If a body describe the circumference of a 

circle with a uniform velocity, the centripetal and centrifugal 

forces toiU be equal, because the distance of the body from 

the centre of force is always the same^ the two forces are in 

equilibrium i hence the centrifugal force /' is = /, and is 

V* .... 

measured by ^ ; therefore, generally, when the centre of 

force is the centre of the circle, 

V 
/=/=R-. ...... 

277. Cob. 3. — ^If a body be retained in a circle of radius 
s= B by a rigid rod joining the body and the centre of the 
circle, or if the body be retained in a circular curve, as a 
railway train is retained by the rails and the flanges of the 
wheels, and if a giveir angular velocity = Y be communicated 
to the body, then the force/ will be evidently compounded 

V 

of the value -^^ and mass M of the body ; that is, 

• V» 
/^M.g-. 

W • 

But M ^y .tiie definition) = — , W !being the weight 4)f 
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the body^ and g the force of gravity at the earth's surface, 

^ W. V* 
g , a 

which ia dialled by mathematicians the Vis Viva, or living 
force^ half of which, namely, 

. V .W 

is the force which tends to produce motion in machines ; and 

since h == ^^ ^ being the height due to the vel. Y, there 
results, 

which is the formtda used in the article on water-wheels, and 
in various other parts of this work. See Moseley^s Principles 
of Engineering and Hann*8 Mechanics. 

The following are given to illustrate the preceding propo- 
sitions and their corollaries. 

284. Pbob. 1.— Taking the radius of the earth to be 4000 
miles» the mean distance of the moon jfrom the centre of the 
earth to be 60 of the earth's radii, to determine the attractive 
force exerted on the moon, which causes it to revolve round 
the darth in 27i days, the earth being assumed to be at rest. 

. By Art. 2T6a, 

' 4^B 4 X8-I416«^x 4000x60x6280 ^r,arr , * 
/= -Xr-= — 2 7i X 24 X 60 X 60)' ='^^^^''^' 

And since the force of gravity at the earth's surface ==.82^ 
feet = g, we shall have 

f : g :: V : 60*, that is, 

•00897 : 82|^ : : 1 : 60» nearly ; 

therefore the attractive force of the earth varies inversely as 
the square of the distance from its centre. 

285. Prob. 2. — ^The radius of gyration of a grindstone is 
i feet, its weight ^ of a ton, and it makes 860 revolutions in 
% minute; required its centrifugal force, or tendency to 
burst. 
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Here V = i2<$:1^2m = 754 feet per second Be«ly. 
and by Art. 277, 

/ = y:^ = 82i X 2 = *** *°°« ^«"'y- 

286. Pbob. 8. — The radius of a grindstone is r, its weight 
W, and the velocity of its circumference v feet per second ; 
required the centrifugal force. 

The radius of gyration in this case is i r V2 = B. 

Hence the velocity Y of the centre of gyration = 

g =i>/2f7. 

•'••^~ g.B, —g.r ^2' 

Note. — ^Tbis foimula givefl generally the amount of centrifugal foroe 
which tends to tear asunder a circular wheel or disc of uniform thick- 
ness, when it is whirled round with a great velocity. The great amount 
of centrifugal force, as shown in Art. 286, is the cause of the frequent 
yiolentruptures of grindstones, and the seriousaccidents thenceresulting. 

287. Pbob. 4. — Required the centrifugal force, in the last 
prob., when W = 16 cwt., r ae 1^ feet, and v .= 80 feet 
per second. 

^ W.t;' 16x80^ 16 X 8(P 

^— ^.r^/2 — 32^Xiv'2^^ — 82^X^^/2x20^^^*^^' 

288. Pbob. 5. — A circular disc, the weight of which is 
W, is whirled round so as to make S revolutions in a minute ; 
the radius of the disc is B, the radius of its axle r, and the 

1 

friction upon it - of the whole weight ; required the number 

of revolutions the disc will make before it stops. 
Badius of gyration =:± ^ B >/2 feet. 

V.1 •* f^ A 2^XiBv/2xS ^BSV2 ^ 
velocity of wt. per second = gg s^ — gg — **• 

.*. units of work m the disc = 5— X (vel.)' = — ^^ , 

being the work due to the height fallen through to acquire 
the given velocity- - ' 
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Gircomference of the axis = irr^ and 

W 

units of work destroyed by friction in 1 revoln. = a-r x ""• 

Put N = No. of revolutions before the disc stops ; then 

W 
ar r X — X N = units of work destroyed by friction. 

* • — ar^^ — = wr X -- X N, whence N = -nrv^ • 

Also, if « s= given number of revolutions per second^ then 
S = 60 «, and by substitution 

nir«aB3 

N = • 

gr 

KoTE.— These formnlad axe independent of the weight of the disc^ as 
they ohyioualy ought to be. 

Ex. — ^A disc of metal is whirled round with a velocity of 
88 feet per second, being the speed of the wheels of a rail- 
way train moving at the rate of 60 miles per hour ; the radius 
of the disc is 5 feet, the radius of its axle 2 inches, and the 
eo-efficient of friction tHr, or n = 10 ; required the number of 
revolutions which the disc will make before it stops* 

By Art. 288, 

.^ ^ nTTB^-B? 10 X 8-1416 X 883x63 ,,,,,^« 

No.of revo. = — — — = oo, ^ , == 1184492. 

9 r 32 J^ X A 

THE FLY-WHEEL. 

290. When a moving power is supplied irregularly, as by 
the piston of a steam engine, the action of which is inter- 
mitting or by impulses, while various machines moved by 
this important power require a regular force, the method of 
regulating the motion of such machines is by means of 
a fly-wheel, in which a ponderous mass of metal, revolving 
freely on an axis, is connected with the machinery, and by 
its inertia produces a reservoir as well as a regulator of 
force, since a small surplus of force acting for a short time 
wi4 accumulate a considerable power in the fly-wheel, and 
this power being applied suddenly for a short time, is capable 
of supplying the short intermissions of the moving power^ 
and producing a near approximation to perfect regularity in 
the motion of the machinery. 
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291. Prob. 7.— The we^ht of a fly-wheel = W lbs., the 
external and internal radii of the rim are B and r feet, the 
wheel makes a revolutions per second, the diameter of the; 

axis is d inches, and the friction npon it - of the whole weight 

of the Wheel ; required the onits of work in the wheel, and 
the number of revolutions which it will make before it stops, 
the inertia of the axle and spokes of the wheel being neglected, 
as not materially affecting the result. 
Then ^ 

The radius of gyration « = >/ — 5 — • 



(R2 4- r3\- 
2 w s/ — ^ — \ X 






Circum. of axis = To* 

Work destroyed by friction in 1 revo. = to X — = ^J - 4 

lA n 12 n * 

Put N = number of revolutions made by the wheel before 
it stops ; then ~ - - . . _ '; 

Whole work destroyed by friction = ^^ — v N. 

12 n ^ * 

12 n 9 * 

whence N = ^^""''f + '^). " 

gd 

Note.— This result is also independent of the weight of wheel. 

Ex.— The external and internal radii of the rim of a fly- 
wheel are 6 and 8 feet ; it makes 8 revolutions per second ; 
the diameter of the axle is 2 inches, and the friction upon it 
■iV of the weight of the wheel, orn = 10 ; how many revo* 
l^itions will it make before it stops ? ' 

lji«No.ofrevo.N= -^^-><l?2i«3^f |^^><^^ 48085 



292. Fbob. 8. — When the/ore* atU in one direction only, 
to find the Utmie vitkin which the angiUar velocitji of the fly- 

LetABQfl be Uie fly-wheel, its centre.OB a crank, 
OQ whicb the rod P B acts in directionB parallel to the dia- 
meter £ F ; and let P be a constant force acting on the rod 
PB; also, let Q be a weight equi- 
valent to the resistance to the 
motion of the machine, and act- 
ing perpendicalarly at Q, the ex- 
tremity of the radios Q. Draw 
B H, r A perpendicnlar to E F, and 
indefinitely near to each other; 
also, put B = r, Q = E, and 
r == circnmference to rad. = 1. 
Now let the point B move throngh 
the indefinitely amall space Br; 
then the force of Pia measoredby 
the product of the reaolved part 

B ft bf the force P and the small space B r, which product ia 
evidently ^PxBr^Px Eft, since the force n r is wholly 
ineflectnal. Let the force P act fi-om E to F, then H ft be- 
comes := the diameter E F, and the whole force from £ to F 
will be = PxEF = P x 2r; and the whole dynamical 
effect of the resistance of the machine in an entire revolatiou, 
which is represented by Q. will be eqnal Q x 2 s- Q ; but, 
since the whole effect of the force P is consumed by the 
nsefhl and nseless resistances of the machinery taken to- 
gether, there results, 

2Pr=2QxE, 

Now, let the resistance Q just balance the force P, when 
the crank is in the two positions OB, OS; and put the 
uigl6B0A = i the angle BOS = 0; then 



and by ssbstitutuig the value of P in this equation, there' 
results, aS^r reduction. 



.-. = 71" 26*, 
298. For the double-acting engine we find i: 



'="«?'=V = 8-14i6 = "*'""* 
.-. arcKS = 20= 100° 64'. 

2B4. NoTi.— ^AafurtiariiiTeBKgatioQOQthuBiibjectwonldnt ^ 

involre a detailed eipomtioii of the theory of Uie Eteam engine, which u 
apart from the object of this work, therefine the leadsr who deoiee 
eMcieiit inloimation on this siibiect niay consalt Trtdgotd ott tht Steam 
&ifint, Matihg't ^tgineeriag, Sana't Trtatiu <M Ihl Sltam Engint. 

THE OOTEBHOK. 

295. Prob. 9. — To ejylain the use and principU of tha 
governor of the steam engine, and to find the pontion nhich 
iU haXU atsume in amteqmtice of the centrifugal force, tlu 
angular velocity being given. 

AB ia a vertical ^aft turning freely on the sole B by 
its connection with the machinery of the steam engine ; P, 
C Q are two bars moving 
freely on the centre C, and 
carrying the two weights 
P, Q; PD, FE are two 
rods connected to the bars 
at D, E, and attached to a 
collar I, which is capable 
of sliding freely np and 
down tiie shaft AB. The 
collar is nnited with a 
lever which opens ot 
closes the throttle valvei 
which sapplies the cylin- 
der with steam. 'When 
A B revolves too fast, the balls, by their centrifugal force, fly 
ootward, raising the slide I, and partially closing the throttle 
valve ; and when the shaft moves too slowly, the balls 
collapse, and the slide consequently descending, admits s 
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more fnll sapply of steamy thas regulating the motion of the 
en^e to almost complete uniformity. 

The weight P is acted on by two forces, i.e., the centri- 
fdgal force in the direction P n, and gravity in the direction 
Po; and taking Pn, Po to represent these two forces, and 
completing the parallelogram Pnmo, we shall have the 
triangles P m o, A P similar, and, if/ represent the centri- 
fdgal force^ and W the weight of P, then 

W — 00' 

Also, by Art. 277, 

•^-^.po' 

and by snbstitating this value in the preceding equation, 
there results after reduction 

or, if r = the angular velocity per second of the governor at 
a unit's distance from the shaft A B, then Y = P . t', and 
by substitution, 

00 = 1. 
Now, if n = number of revolutions per minute, then 

60 



Kfi = number per second. 



2?rn jrn 



803 . g . 
whence C = \2^i ^ '©^t* 

B Oa X 82» X 12 . . , 
. = (8-1416)2 7i3 mmches, 

85200. ^ 
= — g— mches nearly. 

296* The throttle valve of the steam engine cannot be 
opened without an adequate force exerted by the governor, 
which may be measured by finding what weight will produce 



I4i2 ' OENTBAXi SQBODBg. 

that fer^. Let p be the reqxiired wei^, 17 beings -Hw 
weight of one of the balls of the governor, as in the las^ 
article ; then Hann has shown in his valuable works on the 
steam engine, referred to in the Note Art. 294, that 

p _^ CP 

W— 100 'CD' 

C P 

and that, if ^^ = h which is the nEfual proportion in tii0 

governor, 

j9__21 8 63 . 

W"" 100 '2 — 200' 

™. 200 o ^^„, 
... W = -gg^ = 8-1741), 

and if jp = 10 lbs., then P = 81 J lbs, nearly. 

THE SUPEB-ELEVATION OF THE EXTEBIOB BAIL IN BAILWAT 

OUBVES.* 

297. The super-elevation of the exterior rail, or the rail 
on the convex side of the line, in railway curves, the radii of 
which are within certain limits, is rendered absolutely neces- 
sary to counteract the centrifugal force produced by the 
velocity of the train, since all moving bodies have a tendency 
to continue their motion in a direct line. From this cause 
the railway train is impelled towards the exterior rail, and 
would finally leave the rails, were it not prevented by the 
conical inclination of the tire and tlie flanges of the wheels. 

298. Pbop. — ^To determine the centrifugal force of a rail- 
way train, or that portion of the weight of the train which 
makes it tend to leave the curve. 

Let V = velocity of the train per second, B ±=- radius of 
the curve, F = centrifugal force, and g force of gravity at 
the earth'is sur&ce ; also let W = weight of the train ; then 
by Art. 277, 

Ex. l.-i"When R = i a mile ^ 2640 feet, V =* velocity = 
60 miles per hour = 44 feet per second, and g == 82^ feet 

♦ See JStephetison*s " Science of Ra\lw<y^ Qmstruction^" by Kiig«nt, p. 4lfi. 
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4=^ velocity of a bocl/ faUing from i^bI* at the end of a 
Second; then 

; _ Wx 443 22 ^ , , ^ 

' ^ = 82ix2640 = 965^=-'^"^^y^^> 

^at is, the force that urges the train' to quit the curve is -^ 

of its whole weight in this case. 
Ex. 2.— When V = 60 miles per hour = 88 feet per 

second^ and B the same as in Example 1 ; then 

^= 82»x2640 = "^"^^y^^^- . 

that is, the force in this case is iV of the weight of the train. 
Hence it may be perceived how extremely dangerous high 
velocities are in curves of smaU radius. 

299. NoTB.— ;-This great anLomit of centrifugal force hi curves ol 
Qma^ ^:adiufl would be very mudi increased by the high yelocitie^ 
which some are sanguine enough to expect as likely to be attained on 
railways ; smoe this force varies as 

^orasV* 

for the same curve : thus for a velocity of 120 miles per hour, on a 
eurve ot i a mile radius» we shall have 

- WX1762_ , ^. 

•' ; 32i X 2640 ' ^ ' 

j&at is^ the iMntiifiigal. force is, in this case, more than | of the whole 
^eight of the.train ; while for curves of 1 mile radius, which are very 
common in railways, / = -ft" W, or nearly ^ of the weight of the train'. 
it must, therefore, be evident that a velocity of 120 miles per hour, or 
'^en one of 90 miles per hour, must be extremely dangerous, especially 
^m aa embanked curve, should any accident throw the train off tile hne, 
which is orfcen the case with the present velocities. Moreover, the re*- 
flistance of the air, which varies as Y^, must be considerably augmented 
by high winfb oi^Msedto^th^e direction-of qrtrfdn of these great vdocities ; 
while itsenginewouldrequicea power greatly superiortouiosenowinuse. 

800. This force, except in. curves of very small radius, is 
counteracted by the conical inclination of the tire of the 
wheels, each pair of which is firmly fixed on the axle which 
4iirn8 with -themj ^e inclination ^f the tire is comp^only 
about i an inch in the whole breadth of the wheel, which is 
8i inches. This inclination of the tire with the lateral play 
of the flanges of the two nrheels of i an inch on each side, 
and the centrifugal force tlrging the train towards the exterior 
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no, irfMB aofmg m m€mrw9,imamm fts iioMbr of fts 
ooIct wiw^ md diniDuii ^hsl of ths 
liie tenn to loQ on corneal 
dndug a emtiqielal fneeto eoantenci iht iewlimncj ai the 
Intn to ]esTe tho omre. Hower^, in cmres of toj muJI 
ladiasy the e cntrif ii g ai l fotee ii not wriKrinntly eoantencted 
by ihe eeaigipeial fine thns genented, the eoilze of vld^ 
lagf-iMmifd ^ee is tbe yertex of the eone, of vld^ the 
inereoied and dinmnahed diameten of flieidieda aie see- 
tions. llieamoont, llierefore, of tlnaeeatdpetalfivce afaaU 
be deiennined in tbe foDowing — 

801. Pbop^— 1%^ vdoeUy of IJU from, IJU garngt of IJU 
rai2#9 Ift^ radiiu cf the wheeU^ and ike mdmatiam of ikrir Un 
being gwen^ to determine the eentripetdl force generated bg the 
eonieal tndmation of the tire of the wheds of the trauiy oiid hg 
the centrifugal force impelling the train outwards. 

Let d = mean diameter of the "idbeelB of tbe tnin, 3 =^ 
inerement, and, eonaequently, tbe decrement, wbicb tbe 
diameter of tbe exterior and interior "idbeelB respectiTely 
receive, tbrongh the conjoined action of the centrifugal force 
and the inclination of tbe tire; then under these eircnm* 
atancea the respective diameters of the exterior and interior 
wheels will be 

d + 8 and d — S; 

also, if B^ s=s radios of a circle which the centre of a carriage 
would describe in consequence of the inclination of the tire 
of the wheels, and b = breadth of the road or gauge of the 
rails ; then B" + i ^ and B — ib are radii which would be 
described respectively by the exterior and interior wheels; 
and by similar triang^s, 

d+S : d — S :: V + ib z K — ib, 
whence d : 8 :: 2B' : b, and 

Or. if r = inclination of the tire, and A =±s deviation of the 
n 

wheels, then 

n 
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and, by 8abstitation» 

^ — 4A 

Now V and W representing the velocity and weight of the 
train, as in Art. 298, the centripetal force corresponding to 
the radius B' will be 

or, by substituting the value of B', 

_ 4WVA 

r = —7—5 • 

bdgn 

802. Prop. — To determine the deviation of the wheeh and 
the radius of the curve wJien the centrifugal and centripetal 
forces in Art. 298 and 801 just balance ea^ih other. 

Because the forces F and F act in contrary directions, they 
will hold each other in eqailibrium when they become eqaal, 
and the train will cease to have a tendency to quit the curve ; 
this will take place when 

g'Si " </ B ' 

or B = B', 
Also, by Art. 298 and 801, 

WV* 4WV*A 
g B bdgn ' 

bdn 



whence A = 



4B 



which is the deviation requisite to produce an equilibrium 
between the centripetal and centrifugal forciBS of the train. 
And, since B = B', the vertex of the imaginary cone, of 
which the increased and diminished diameters of the wheels 
are sections, will coincide with the centre of the curve, there 
will consequently be no dragging on the wheel on either of 
the rails. 

If, in B' = —^, d= 3 feet, 6 = 4 feet 8J inches = 
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4*7 feet = breadth of the narrow gauge, - = i, and A = 

71' 

i of an inch, the radius of curvature corresponding to this 
deviation, when the two forces are in equilibrium, will be 

R' = -^ = 4-7 X 8 X 7 -«- 4 X J X A = 888 feet. 

But, since an accidental depression of the exterior rail 
might cause the flange of the wheel to rub the rail on that 
side, it would be advisable, for the sake of greater safety, to 
limit the value of B' to not less than 1200 or 1500 feet. 
Moreover, in curves of less than 1500 feet radius, it will at 
once appear that a super-elevation of the exterior rail will 
be absolutely necessary to counteract the excess of the centri- 
fugal above the centipetal force. 

308. Prop. — To determine the super-elevation of the ex- 
terior rail in railway curves of less than 1200 or 1500 feet 
radius ; the same things being given as in the preceding pro^ 
position. 

Let X = supei^-elevation of the exterior rail ; then, since 
b = breadth of the way, the inclination of the plane on 

X 

which the train moves = rio rad. = 1, and hence the gra- 
vity of the train wUl impel it to the interior rail with the force 

^ = IT- 

This force, together with the centrifugal force resulting 
from the deviation of the train to exterior rail of the curve, 
must hold the centrifugal force in equilibrium; therefore, 
from Articles 298 and 801, there will result 

b ^ gK YR' 
whence x = ( — =r-, i , 

g \R RV' 

which is the formula for the super- elevation of the exterior 
rail, and due to Pambour ; who, by solving it for some of 
the usual cases, produces the following 
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TABLE OF THE SUPER-ELEVATION TO BE GIVEN TO 
THE EXTERIOR RAIL IN CURVES. 



Designation of the Wagona 
and the Way. 


Badina of the 

Curve 

in Feet. 


Super-elevation to be given to the Bail 
in Inches, the Velocity of the mo- 
tion in Miles per hour being - 


10 Miles. 


30 Miles. 


SO Miles. 


Wagon with wheels 3 ' 
feet in diameter. 

Gauge of way, 4*7 feet. 

Play of the wagons on > 
the way, 1 iach. 

Inclination on the tire 
of the wheels, 1 in 7. ^ 


250 
500 
1000 
2000 
3000 
4000 
5000 


114 
0-57 
0-29 
0-15 
10 
007 
006 


5-60 
2-83 
1-43 
0-71 
0-47 
0-36 
0-28 


12-99 
6-56 
3-30 
1-65 
110 
0-83 
0-66 



The correctness of the above results is pretty generally con- 
ceded. It must, however, be considered, that it is extremely 
difficult, if not impossible, to realise in practice the precise 
conditions and proportions determined by these important 
formnlsB, as accidental depressions and enlargements of gauge 
of part of the rails, as well as many other matters that cannot 
be. subjected to calculation, will unavoidably derange these 
results. 

The reader who wishes for further information on these 
subjects may consult Tredgold on the Steam Engine; 
also. Baker's Railway Engineering, and his Land and En- 
gineering Surveying; in which approved and Practical Systems 
of laying out the works of Railways, Sc, dc, mill be found, 

MISCELLANEOUS EXEBCISES. 

(I.) If a body move in a curve by means of a projectile 
and centripetal force, the latter acting in the direction of 
right ordinates, and varying inversely as the nth power of the 
distance from the abscissa or axis of the curve, prove that 
the velocity V of the body in the curve is equal to 

d z(my-'')i , 

d* 2/ ' 
in which y is the ordinate indicating the position of the body, 
t the curve, and m the force of gravity at a unit's distance 
from the axis. 
Note. — This question and its solution were published by the aul^r 

H 2 
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in tbe Geatleman'i Xalh. Ocmpanion for 1823-24. — Its solation is on a 
new principle, aa he has not seen a similar method of uolutian adopted 
by any other author ; and the method may he ohvioualy eitBUded to 
the motions of bodiw in ciirvoa^ when acted upon hy central forcee aa 
wdl as by parallel forces, as in the QuBstioB. The solution is also 
given below. 

Let A P be the ctirve described by the body, A M its aiiB, 
P M, R Q N two ordbates indefinitely 

I near to each other, and.PB a tange&t 
to the curve at P. The body at P 
wotild deecribe P B if the centripetal 
force did not act, in the eame time in 
which it now deBcribes P Q ; there- 
fore BQ representB the space through 
which it is drawn by the centripetal 
force. NowPR = d2, RQ = itPi/ 
{DeaUry's Fluxianal Ctdevlus, Art. 165), and the force of 
gravity at P = my^" idtimately = force of gravity at Q. 
The motion through the indefinitely email space R Q = i # y 
may bo considered to be uniformly accelerated by the force 
my-"; therefore the time of describing R Q = lime of de- 

BcribmgPB = ( ~r) • lience, because the motion in 

the direction P R is uniform, the velocity V of the body in 
the curve = P R -^ time of describing P R ; that is, 

(n.) The equal and uniform bars AB, BC are movable 
about each other on an «hb passing through B, which is 
perpendicular to the plane JiBO, M'hile a pin at the end A, 
of the bar B A, ia movable in a vertical groove A C ; and 
the end G, of B C, is movable about an axis passing through 
0, and perpendicular to the plane ABC ; it is required to 
find the velocity of A, and the action on the groove when A 
arrives at a given poeition in consequence of gravity and its 
original motion. 

NoTB. — This qoeation was proposed and answered hy B. Oomperli, 
Etq., I.&.S., j-c, in the Gentleman' t Math. Companion for 1821-22. 
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Absolute motion, 64. 

Accelerated motion defined, 64. 

Accelerating;: force, 64. 

Air, compression of, Ulostrated, 108 ; 
pressure of, 105. 

Air-pump described, 110; action of 
the. 111 ; receiver, 110 ; to find the 
density of the air in the receiver of 
an air-pump, after any given 
number of turns of the wheel, 112. 

Aas, estimated work of an, 44. 

Axle and wheel, 26; properties of 
the, 26, 38 ; examples, 28. 

Balance described, 19 ; false, 19. 

Balla, cause of irregularity in the 
firing of, from guns, 83. 

Barometer descriM, 105. 

Bell, diving, described, 108. 

Bent lever, 14. 

Bodies defined, 1; falling, laws of, 
66 ; examples, 68 ; floating, equi- 
librium of, 109, 115 ; rotation of, 
84; to determine the specific 
fCravity of, 116. 

Carriage, work in moving a, on a 
horizontal plane, 45. 

Central forces, 130; properties of, 
133. 

Centre of gyration defined, 86; to 
find the, 86. 

Centre of pressure, 95 ; to find the, 
upon a plane surface, 95. 

Centre of oscillation, 86; to find the. 
86 ; to find the, by the differendal 
calculus^ 88. 

Centrifugal force, 130 ; of a railway 
train on curves, 142; methcki of 
counteracting the, 143 ; the velo- 
city of the train, gangs of rails^ 



radius of wheels and inclination of 
their tire being given, to determine 
the centrifugal and centripetal 
force, 144 ; to determine the devia- 
tion of the wheels and radius of 
the curve when the centrifugal 
and centripetal forces balance each 
other, 145. 

Centripetal force, 130. 

Composition of forces, 2» 

Compound lever, 17. 

Content, solid, defined, 1. 

Curve, motion upon a, 75. 

Curves, super-elevation of the ex- 
terior rail in railway, 142 ; centri- 
fugal force of trains on, 1^; 
method of counteracting ditto, 
143 ; table of the super-elevation 
to be given to the exterior rul in, 
147 ; to determine the radius of the 
curves, and deviation of the curve, 
when the centrifugal and centri- 
petal forces balance each other, 145. 

D'Alemberi^s principle, 86. 

Density defined, 1 ; uniform, 1. 

Differential calculus, to find the mo- 
ment of inertia and the centre of 
oscillation by the, 88. 

Diving-bell describcKl, 108. 

Dynamics defined, 64. 

Earth, pressure of, upon a revetment 

wall, 103. 
Elastic fluids, 90, 105. 
Embankment, usual form of an, 101. 
Equable motion defined, 1. 
Equilibrium of fioating bodies, 109, 

115. 
Evaporating power of the sun, 127. 
Exercises^ miscellaneous, 147. 
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Falling bodies, laws of, 66. 

False balance, 19. 

Floating bodies, equilibrium of, 109, 
115. 

Fluids, 90; elastic, 90, 105; non- 
elastic, 90; percussion and resist- 
ance of, 125; properties of, 91; 
surface of all, horissontal, 92. 

Flv-wheel, description and use of, 
137. 

Force defined, 1; accelerating, 64; 
centrifugal, 130; centripetal, 130; 
moment of, 10 ; moving, 64 ; act- 
ing in any direction in the same 
plane on a rigid body, 50 ; central, 
130; composition and resolution 
of, 2 ; in different phmes, 53. 

Forcing pumps, 113. 

Friction described, 39 ; resistance of, 
described, 39; examples, 40. 

Fulcrum, 14. 

Gas, to find the specific gravity of, 
118. 

Gases, specific gravi^ of, 119. 

Governor, use of, 140. 

Gravities, specific, table of, 119. 

Gcavity defined, 2. 

Grai^ty, centre of, 58; method of 
finding the, 59; position of, 58; 
to find the centres of, of certain 
bodies, geometricallv, 59; to find 
tiie, of Afferent bodi^ 62 ; exam- 
ples, 63. 

Gravity, specific, defined, 115; to 
determine the, of bodies, 116. 

Gyration, centre of, 86 ; to find the, 
86. 

Horse power, 43 ; examples of, 44. 

Hydrodynamics, definition of, 1, 120 ; 
miscellaneous questions on, 129; 
velocity of a fluid issuing from a 
smaU orifice at the bott m) of » 
vessel, 120; to determine (he time 
of emptying any vessel through a 
very small orifice, 122 ; to find the 
distance to which water will spout 
through a small orifice in the side 
of a vessel, 123 ; to find the velo- 
city with which water is discharged 
from a reservoir of given hd^t, 
through a pipe of given length 
and diameter, 123 ; examples, 124 ; 
to determine the velocity with 
which, water runs in rivers and 
eanals, 124. 



Hydrostatic machines, 110; ait 
pump, 110 ; common pump, 112. 

Hydrostatic paradox explained, 94. 

Hydrostatic pr;^, principle of tJhe, 93. 

Hydrostatics, definition of, 1, 90; 
miscellaneous questions on, 129. 

Inclined plane described, 32 ; condi- 
tions of motion on an, through the 
effects of gravity, 69 ; properties of 
the, 33. 

Inertia, to find the moment of, by the 
differential calculus, 88. 

Lever defined, 14 ; arms of the, 14 ; 
the balance described, 19; bent 
lever, 14; compound lever, 17; 
false balance, 19; properties of the 
lever, 138 ; steel-yard, 20; examples 
on ditto, 21 ; straight lever, 14 ; 

froperties of ditto, 15 ; system of, 
8; to graduate the lever of a 
safety valve, 24. 
Lifting pumps, 113. 
Liquid^ specific gravities of, 119 ; to 

find the specific gravities of, 117. 
Locomotive engine, motion of, de- 
scribed, 45. 

Machine, modulus of a, 41 ; table of 

the moduli of machines for raising 

water, 41. 
Machine, hydrostatic, 110; air-pump, 

110.; common pump, 112. 
Machinery, application of statics to, 

42. 
Man, table of the work that can be 

performed bv a, 43; examples, 

44. 
Mass defined, 1. 
Matter, definition of, 1. 
Mechanical powers, 14; inclined 

plane, 32; lever, 14; pulley, 29; 

K'/.fW, 35 ; wedge, 34 ; wheel and 

axle, 26. 
Metals, specific gravity of, 119. 
Mineral producte, specific gravitv of, 

119. 
Miscellaneous' exercisesj 147. 
Modulus of machines, 41; table of 

the moduli of machines for raising 

water, 41. 
Moment of force, 10. 
Moments, principle of the equality of, 

10. 
Momentum defined, 2, 64. 
Motion defined, 1, 64; absolute, 64; 
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accelerated, 64 ; conditions of, on 
an inclined plane, 69 ; equable, 1 ; 
Newton's laws of, 65; of projec- 
tiles, 79; lelatiye, 64; retarded, 
64 ; to find the accelerating force 
when one body draws another 
along an indined plane, 73 ; uni- 
form, 64 ; npon a curve, 74. 

Moving force, 64. 

Mule, estimated work of a, 44. 

Newton's laws of motion, 65. 
Niagara„woik of the great fall of, 128. 
Non-elastic fluids, 90. 

Oscillation, centre of, 86 ; to find they 
86 ; to find the, by the differential 
calculus, 88. 

Oscillation, time of, 75. 

Particle, elementary, 1. 

Pendulum described, 75; time of 
oscillation, 75 ; to find tiie time of 
oscillation of a pendulum in a 
small arc, 76 ; examples, 78. 

Percussion of fluids, 125. 

Plane, inclined, conditions of motion 
on any, through the effects of 
gravity, 69 

Plane, incline I, described, 32; pro- 
perties of thtB, 33. 

Pneumatics defined, 1. 

Powders, to determine the specific 
gravity of, 117. 

Power, definition of, 2. 

Powers, mechanical, 14; inclined 
plane, 32 ; lever, 14 ; pulley, 29 ; 
screw, 35; wedge, 34; wheel and 
axle, 26. 

Pressure of the atmosphere illus- 
trated, 106. 

Pressure, centre of, defined, 95 ; to 
find Uie pressure upon a plane 
surface, 95. 

Pressure of steam defined, 44. 

Projectiles,motion of, 79; the velocity 
and direction being given, to find 
tiie horizontal range, time of flight, 
and height to which the body will 
rise above the horizontal plane, 
81 ; the velocity and direction of 
projection being given, to find the 
time of flight and range, on an 
oblique plane, passine^ through the 

Soint of projection, 82. 
ley described, 29 ; exumples on 
the, 32 ; properties of the, ^9. . 



Pulleys, combination of. 31; com- 
bination ofy useless in praoUoei 
31 ; s^rstem of, properties, 38. 

Pump, air, descrit^d, 110 : action of 
the. 111 ; common, 112 ; to find 
the height to which water will rise 
after any given stroke in the. 113. 

Pumps, lifting and forcing, 113. 

Radius vector defined, ISO. 

Railway curves^ sup«r-elevRtion of 
the exterior rail in, 142; centri- 
fugal force of trains in, 148, 
method of counteractinff centri- 
fugal force, 143 ; table of Uie super* 
elevation to be given to the ex- 
terior rail in, 147. 

Railway, inclined, work in over- 
coming the resistance of friction 
and gravity on an, 48. 

Railway trains, centrifugal force of, 
in curves, 142 ; work m moving a 
railwAy train upon a horizontal 
plane, 45. 

Relative motion, 64. 

Resistance of fluids, 125. 

Resolution of forces, 2. 

Rest defined, 1. 

Retarded motion, 64. 

Revetment walls described, 103. 

Revetments, surcharged, 104. 

Rigid bodies, forces acting in any 
direction on the same plane on, 
54. 

Road, inclined, work in overcoming 
the resistance of friction and 
gravity on a, 48. 

Rotation" of bodies, 84. 

Safety valve, to graduate the lever of 
a, 24. 

Screw described, 35; properties ot 
the, 35, 39 ; endless, 36. 

Solid content defined, 1. 

Specific gravides,^ble of, 119 ; to 
find the, of any nnd of gas, 118 ; 
to find the, of liquids or powders. 
117. 

Specific gravity defined, 115; to de- 
termine the, of bodie^ 116. 

Springs, intermitting, explained, 115. 

Stable equilibrium defined, 59. 

Statics defined, 1 ; application of, to 
tiiie work of living agents and ma- 
chinery, 42. 

Steam, pressure of, 44 ; work of, 44. 

Steelyard described, 20. 
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Straight level, 14. 

Sun's evaporating power, 127. 

Snrcharged revetments described, 

104. 
Syphon described, 114. 

Tension described, 2. 

Table of the moduli of machines for 
raising water, 41. 

Table oi specific gravities, 119; of 
the super-elevation to be given to 
the exterior rail in curves, 147 ; of 
the work that can be performed 
by a man, 43. 

Tides, power of the, 128. 

Time of oscillation defined, 75. 

Triangle, to find the centre of gravity 
of a, 59. 

Uniform density defined, 1. 
Uniform motion described, 64. 
Unit of work, 42. 
Unstable eqiulibriom described, 59. 

Vector radius, ISO. 
Velocitiee^ virtual^ 37. 



I 



Velocity, definition of, 64. 
Volume defined, 1. 

Walls, revetment, 103. 

Water, to find the distance to which 
water will spout tibrough a small 
prifice in the side of a vessel, 123 ; 
to find the velocity with which 
water is discharged from a reser- 
voir of given height through a 
pipe of given length and diameter, 
123 ; to determine the velocity with 
which water runs in riven and 
canals, 124. 

Water-wheel, 125. 

Water, work of, 44. 

Wedge, use of, 34. 

Wei^t defined, 2. 

Wheel and axle, properties of, 26, 
38 ; examples of the, 28. 

Wheel, fiy, description and use of, 
137. 

Woods, specific gravities of, 119. 

Wotfc^ unit of, ^ ; table of the work 
that can be performed by a man, 
43. 



THE END. 
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No. 

16. ARCHITECTURE— ORDERS— TYie Orders and Ibeir .Esthetic 

FHnciplei. BvW. H. Leids. Illustrated, is. 6d, 

17. ARCHITECTURE— STYLES— Ih^ Hislory and Description of 
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:8. ARCHITECTURE— DESIGN— T\ia Principles of Design in 
Archileclare, u deducible from Nature and eieioDlifed in the Works of the 
Greek and Gothic Architects. By E. L. Gakbrtt. Architect. lilusirated. is. 
",* The three preceding Werts, in One handsome Fel., half bound, entitled 
•'^MoDEHN AtcanBctuKK;' Price bs. 
32. THE ART OF BUILDING, Rudimenis of. General Principles 
of Coutruction, Materials used in Building, Strength and Use of Materials, 
Workintc Drawinn, Specifications, and £;itimatcs. By Kdward Ddbson, 
M.K.I.B.A., t<f . Illustrated. 19. 6d. 

II. BRICKS AND TILES. Rudimentanr TreatUe on the Manufac- 
ture of; containing an Outline of the Principles of Brickmaking:. By Edw. 
DoBSOH.M.R.I.B.A. With Additions bTC.ToHUHSOH.F.R.S. Iirustnted. >s. 

*;. MASONRY AND STONECUTTING, Rudimentary Treatise 

the' Consl^ctioD of" C'^^d" Wi™Wslli, 15onies,''oblinte °^Sd«s',°aDd 
Koman and Gothic Paoltinp, are csncisely eiplained. By Edwarb DoBSOe, 
M.S.I.Bj^..&c. IllusIratHl with Flate> and biacrams. 99. 6d. 
44. FOUNDATIONS AND CONCRETE frO^A'5, a Rudimentary 
Treatiia on; contiininE a Senopsis of tb« pnncinal cises of Foundation 
Works, with the usual Modes of Treatmeot, and Practical Remarks on 
Footing., Flanking, Sand, Concrete, BSton, Pile-driving, Caissons, and 
Cofferdami. By E. Dobsoh, M.R.I.lt.A., ftc. Third Edition, reviled by 
Gburoi DoDD, C.E. lUnilrated. is.£d. 
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Architecture, Building, etc., continued. 
42. COTTAGE BUILDING, By C. Bruce Allen, Architect. 

Eleventh Edition, revised and enlarged. Numerous Illustrations, zs. 6d. 

45. LIMES, CEMENTS y MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c., Rudimentary Treatise on. By G. R. BuRNBLL, G.E. 
Ninth Edition, with Appendices, zs. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 

on ; being a concise Exposition of the General Principles of th6 Art of Warm- 
ing and ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charles Tomlinson, F.B.S., &c. Illustrated. 38. 

83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. HoBBS, Esq., of New York, and Edited by Charles Tom- 
LiNSON, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. IUus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, ^c: Experimental Essays 

on the Principles of Construction in ; made with a view to their being useful 
to the Practical Builder. By Wiluam Bland. Illustrated, zs. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated, zs. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. With Illustrations, designed by the 
Author, and engraved by O. Jewitt. zs. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, zs. 

•^* The two Preceding Works in One handsome Vol., half hound, entitled "AnctKUt 

Architecture." Price 6s. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. By S. H. Brooks, Architect. New Edition, with plates, ss. 6d. 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons*, Plasterers*, Plumbers' Painters', Paper- 
hangers', Gilders', Smiths', Carpenters', and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. zs. 6d. 

175. LOCKWOOD 6- CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, with which is incorporated Atchley's and portions of the 
late G. R. Burnell'S "Builder's Price Books," for Z875, published 
annually, containing the latest Prices of all kinds of Builders' Materials and 
Labour, and of all Trades connected with Building : with Memoranda and 
Tables required in making Estimates and taking out Quantities, 8cc. The 
whole Revised and Edited by Framcis T. W. Miller, Architect and 
Surveyor. 3s. 6d. 

182. CARPENTRY AND JOINERY— 'Xlm. Elementary Prin- 
ciples op Carpentry. Oiiefly comjposed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by.E. Wyndham 
Tarn, M.A. Numerous Illustrations, js. 6d. 
182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. 

187. HIN7S TO YOUNG ARCHITECTS. By George Wight- 
wick. New Edition, enlarged. By. G. Huskisson Gcillaumb, Architect. 
With numerous Woodcuts. 3s. 6d. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections. By Adam Hammond. Illustrated with 68 Woodcuts. zs.6d. 
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CIVIL ENGINEERING, ETC. 

13. CIVIL ENGINEERING, the Rudiments of; for the Use of 

Beginnen, for Practical Engineers, and for the Army afid Navy. By Henry 

La\V| C.£. Including a Section on Hydraulic Enffineering* by George K. 

BuRNELL, C.E. 5th Edition, with Notes and Illustrations by Roberi- 

• Mallet, A.M., F.R.S. Illustrated with Plates and Diagrams. 5s. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, By G. 

Drysoalb Dempsby, C.£. New Edition, revised and enlarged. Illustrated. 
IS. 6d. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS, By 

G. Drysdalb Dbmpsby, C.E. New Edition. Illustrated. 28. 6d. 
%• With " Drainage of Districts and Lands " in One Vol.^ 3*. 6^. 

Zi,' WELL-DIGGING, BORING, AND PUMP-WORK, By 
John Georgr Swindell, Assoc. R.I.B.A. New Edition, revised by G. R. 
Burnell, C.E. Illustrated, zs. 

35. THE BLASTING AND QUARRYING OF STONE, Rudi- 
mentary Treatise on ; for Building and other Purposes, with the Con- 
stituents and Analyses of Granite, Slate, Limestone, and Sandstone : to 
which is added some Remarks on the Blowing up of Bridges. By Gen. Sir 
John Burgoynb, Bart., K.C.B. Illustrated, is. 6d. 

43. TUBULAR AND OTHER IRON GIRDER BRIDGES, 
Particularly describing the Britannia and Conway. Tubular Bridges. 
With a Sketch of Iron Bridges, and Illustrations of the Application of 
Malleable Iron to the Art of Bridge Building. By G. D. Dempsey, C.E., 
Author of " The Practical Railway Engineer," &c., 8ec. New Edition, with 
Illustrations, zs. 6d. 

46. CONSTRUCTING AND REPAIRING COMMON ROADS, 
I Papers on the Art of. Containing a Survey of the Metropolitan Roads, by 
S. Hughes, C.E. ; The" Art of Constructing Common Roads, by Henry 
Law. C.E. ; Remarks on the Maintenance of Macadamised Roads, by 
Field-Marshal Sir Tohn F. Burgoynb, Bart., G.C.B., Royal Engineers, 
ftc, &c. Illustrated, zs. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
struction on the Science of. By Sir Macdonald Stephenson, C.E., 
Managing Director of the East India Railway Company. New Edition, 
revised and enlarged by Edward Nugent, C.E. Plates and numerous 
Woodcuts. 3s. 

62*. RAILWAYS; their Capital and Dividends. With Statistics of 
their Working in Great Britain, &c., &c. By £. D. Chattaway. it% 
%* 62 and 62*, in One Vol.^ jj. 6d, 

80*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Emploj'ment for Capital. With Examples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By John Wiggins, F.G.S. New Edition, with 
Notes by Robert Mallet, F.K.S. cs. 

81. WATER WORKS, for the Supplj Df Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Enirines and Pumping Machinery 
for raising Water. B^ Samuel Hughes, F.G.S., C.E. New Edition, 
revised and enlarged, with numerous Illustrations. 4s. 

82**. GAS WORKS, and the Practice of Manufacturing and Distributing 
Coal Gas. Bv Samuel Huohes, C.E. New Edition, revised by W. 
Richards, C.E. Illustrated. 3s. 

117. SUBTERRANEOUS SURVEYING; an Elementary atid Prac- 

tical Treatise on. By Thomas Fbnwick. Also the Method of Conducting 
Subterraneous Sui-veys without the Use of the Magnetic Needle, and other 
modem Improvements. By Thomas Bakbr, C.E. Illustrated. 2s. 6d. 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch . 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

7, STATIONERS* HALL COURT, LUDGATE HILL, E.G. 
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Civil Engineering, etc., continued. 

1 20. HYDRAULIC ENGINEERING, the Rudiments of. By G. 

K. BuRNBLL, C.E., F.G.S. Illustrated. 3s. 

121. RIVERS AND TORRENTS, With the Method of Regulating 

their Courses and Channels. By Professor Paul Frisi, F.R.S., of Milan. 
Towhichisadded. AN ESSAY ON NAVIGABLE CANALS. Translated 
by Major-General John Garstin, of the Bengal Engineers. Plates, as. 6d. 
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33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
Joseph Glynn, F.R.S., &c. Illustrated, zs. 6d. 

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr. 

LardNer. Illustrated, zs. 

59. STEAM BOILERS: Their Construction and Management. By 
R. Armstrong, C.E. Illustrated, zs. 6d. 

63. AGRICULTURAL ENGINEERING: Farm Buildings, Motive 
Power, Field Machines, Machinery, and Implements. By G. H. Andrews, 
C.E. Illustrated. 3s. 

67. CLOCKS, WATCHES, AND BELLS, Si 'RudimeTitaryTresitise 
on. By Sir Edmund Beckett (late Edmund Beckett Dbnison, LL.D., Q.C.) 
*^* A New, Revised, and considerably Enlarged Edition of the above Standard 
Treatise, with very numerous Illustrations, is now ready, price 4*. 6d. 

77*. THE ECONOMY OF FUEL, particularly with Reference to 
Reverbatory Furnaces for the Manufacture of Iron, and to Steam Boilers. 
By T. Symes Pridbaux. zs. 6d. 

82. THE POWER OF WATER, as applied to drive Flour Mills, 
and to give motion to Turbines and other Hydrostatic Engines. By Jobbph 
Glynn, F.R.S., 8ec. New Edition, Illustrated. 2s. 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Baker. C.E. With Remarks on Tools and Machinery, by 
J. Nasmyth, C.E. Plates. 2s. 6d. 

114. MACHINERY, Elementary Principles of, in its Construction and 

Working. Illustrated by numerous Examples of Modem Machinery for 
different Branches of Manufacture. By C. D. Abel, C.E. xs. 6d. 

115. ATLAS OF PLATES. Illustrating the above Treatise. By 

C. D. Abel, C.E. 7s. 6d. 

125. THE COMBUSTION OF COAL AND THE PREVENTION 
OF SMOKE, Chemically and Practically Considered. With an Appendix. 
By C. Wye Wiluams, A.I.C.E. Plates. 3s. 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 
of, with Rules at length, and Examples for the Use of Practical Men. By 
T. Baker, C.E. Illustrated, zs. 

162. THE BRASS FOUNDER'S MANUAL; lastructions for 
Modelling, Pattern-Making, Moulding, Tumine. Filine, Burnishing, 
Bronzing, &c. With copious Receipts, numerous Tables, and Notes on Prime 
Costs and Estimates, ay Walter Graham. Illustrated, as. 6d. 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. By J. G. Winton. Illustrated. 38. 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. Numerous Woodcuts. 
28. 6d. 
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Mechanical Engineering, etc., contintied, 

166. POWER IN MOTION: Horse-Power, Motion, Toothed-Wheel 

Gearing, Long and Short Driving Bands, Angular Forces. By Jambs 
Armouk, C.£. With 73 Diagrams. 2s. 6d. 

167. THE APPLICATION OF IRON TO THE CONSTRUCTION 

OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. Showine 
the Principles upon which such Structures are designed, and their Practical 
Application. By JB'rancis C ampin, C.E. Numerous Woodcuts. 2s. 

171. THE WORKMAN S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Enp^incer, Instructor in En^neering 
Drawing, Ro3ral School of Naval Architecture and Marine Engineering, 
South Kensington. Illustrated with 7 Plates and nearly 350 Woodcuts. 35.60. 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or, an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
James Peakb, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams. 3$. 6d. 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommer- 
FELDT, Surveyor of the Royal Norwegian Navy. With an Appendix, is. 

53**. AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to,- cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentanr Treatise on. Also Tables of Spars, Rigging, Blocks : Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vessels. Together 
with an Appendix of Dimensions of Masts and Yards of the Royal Navy of 
Great Britain and Ireland. By Robert Kipping, N.A. Thirteenth Edition. 
Illustrated, is. 6d. 

54*. IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. Fifth Edition, with important Addi- 
tions. 4s. 

54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
" Warrior,*' " Hercules,^' " Bellerophon ; " H.M. Troop Ship " Serapis," 
Iron Floating Dock, &c., &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: A Rudimentary Treatise on 

Navigation. I. How to Keep the Log and Work it o£f. II. On Finding the 
Latitude and Longitude. By James Greenwood, B.A., of Tesus College, 
Cambridge. To which are added. Directions for Great Circle Sailing ; an 
EssajT on the Law of Storms and Variable Winds ; and Explanations of 
Terms used in Ship-building. Ninth Edition, with several Engravings and 
Coloured Illustrations of the Flags of Maritime Nations. 2s. 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Fifth Edition, 
revised and enlarged. Illustrated. 3s. 

83&/J. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Sixth Edition,revised,withnumerous Illustrations and Models, is. 6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. With Attempts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 
Belrast College. Illustrated. 2s. 6d. 
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Shipbuilding, Navigation, etc., continued. 

100*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 
Young, is. 6d. 

1 06. SHIPS* ANCHORS, a Treatise on. By George Cotsell, 

N.A. Illustrated, is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draufi^htingr, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c., &c. 
Ninth Edition, enlarged, with an Appendix. By Robert Kipping, N.A., 
Sailmaker, Quayside, Newcastle. Illustrated. 2S. 6d. 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY, for the Use of Beginners. By Professor George 

FowNEs, F.R.S. With an Appendix, on the Application of Chemistry to 
Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 

4. MINERALOGY, Rudiments of; a concise View of the Properties 

of Minerals. By A. Ramsey, Jun. Woodcuts and Steel Plates. 3s. 

5. MECHANICS, Rudimentary Treatise on; Being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomlinson, Lecturer on Natural Science in Xing's 
College School, London. Illustrated, is. 6d. 

7. ELECTRICITY ; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With considerable Additions by R. Sabine, C.E., 
F.S.A. Woodcuts. IS. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, revised, with considerable Additions, by Robert Sabine, C.E., 
F.S.A. Woodcuts. IS. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," 8cc., &c. With 165 Wooocuts. 3s. 6d. 

II. THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A., &c. 
Woodcuts. 3s 

. 12. PNEUMATICS, for the Use of Beginners. By Charles 

Tomlinson. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts, 
6s. 6d. Cloth boards, 7s. 6d. 

1^^**, PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhoven, 
by W. H. Thornthwaite, Ph.D. Woodcuts, xs. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 
New and enlarged Edition, with an Appendix on " Spectrum Analysis." 
Woodcuts. IS. 6d. 
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Physical Science, Natural Philosophy, etc., continued, 

97. STATICS AND DYNAMICS, the Principles and Practice of; 
embriicing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL "raLEGRAPHY, for the Use of Students, 
bv W. McGregor, First Assistant Superintendent, Indian Gov. Telegraphs. 
Woodcuts. 3s. 

i^l, EXPERIMENTAL ESSAYS, By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. Historyof theModemTheoryofDew. Woodcuts, zs. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., 8tc. Numerous 

Woodcuts. 2S. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., 8cc. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

^ Historical. Partly based on Major-General Portlock's "Rudiments of 

jY- Geology.** By Ralph Tate, A.L.S., F.G.S., &c., &c. Numerous Illustra- 

' ^* tions. In One Volume. 4s. 6d. 

183. ANIMAL PHYSICS, Handbook of. By Dionysius Lardner, 

^ D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni- 
versitv College, London. With 520 Illustrations. In One Volume, cloth 
1 04. boards. 7s. 6d. 

%* Soid also in Two Paris ^ as follows : — 

183. Animal Physics. By Dr. Laruner. Part I., Chapter I— VII. 4s. 

184. Animal Physics. By Dr. Laronbr. Part II. Chapter VIII—XVIII. 3s. 



MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magpietic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d. 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.L>. Woodcuts. 2s. 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
K. H. Lamborn. Woodcuts, as. 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. New Edition. Woodcuts. 8S. 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Materials from, and 
i'rocesses by which, they are manufactured ; their Special Uses, Applica- 
tions, Qualities, and Efficiency. By William Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d. 

172*. MINING TOOLS, ATLAS of Engravings to Illustrate the 
above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. 
4s. 6d. 

176. METALLURGY OF IRON, a Treatise on the. Containing 
Outlines of the History of Iron Iktanufacture, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H. 
Baukrman, F.G.S., Associate of the Royal School of Mines. Fourth 
Edition, revised and enlarged, with numerous Illustrations. 4s. 6d. 
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Mining, Metallurgy, etc., continued. 

1 80. COAL AND COAL MINING: A Rudiraentarv Treatise on. 
By Warinoton W. Smyth. M.A., F.R.S., 8cc., Chief Inspector of the 
Mines of the Crown and of toe Duchy of Cornwall. Second Edition, revised 
and corrected. With numerous Illustrations. 3s. 6d. 



EMIGRATION. 



154. GENERAL HINTS TO EMIGRANTS, Containing Notices 
of the various Fields for Emin-ation. With Hints on Preparation for 
Emigrating, Outfits, 8cc., &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. as. 

159. THE EMIGRANT'S GUIDE TO AUSTRALIA, New South 

Wales f Western Australia, South Australia, Victoria, and Queensland, By 
the Rev. James Baird, B.A. Map. 2s. 6d. 

160. THE EMIGRANT'S GUIDE TO TASMANIA and NEW 

ZEALAND. By the Rev. James Baird, B.A. With a Map. 2s. 

iS9ScTHE EMIGRANT'S GUIDE TO AUSTRALASIA, By the 
1 60. Rev. J. Bairix B.A. Comprising the above two volumes, x2mo, cloth boards. 
With Maps of Australia and New Zealand. 5s. 



AGRICULTURE. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, By 
G. Drysdalb Dkmpsby, C.E. Illustrated, xs. 6d. 
%« With " Drainage of Towns and Buildings," in One Vol., 3s, 

63. AGRICULTURAL ENGINEERING: Farm Buildings, Motive 
Powers and Machinery of the Steading, Field Machines, and Implements. 
By G. H. Andrews, C.E. Illustrated. 3s. 

66. CLAY LANDS AND LOAMY SOILS, By Professor 

Donaldson, xs. 
131. MILLER'S, MERCHANT'S, AND FARMER'S READY 
RECKONER, for ascertaining at sight the value of any quantity of Com, 
from One Bushel to One Hundred Quarters, at any given price, nt>m ]^x to 
£$ per Quarter. Together with the approximate values of Millstones and 
Mill wot K, &c. xs. 

140. SOILS, MANURES, AND CROPS (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical on. (Vol. 2. Outlines of Modern Farming.) By R. Scott 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outunes 
OF Modern Farming.) Woodcuts, is. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

♦»• Nos. X40-I-2-5-6, in One Vol., handsomely half-bound, entitled " Outlines of 
Modern Farming." By Robert Scott Burn. Price X2s. 

177. FRUIT TREES; The Scientific and Profitable Culture of. From 
the French of Du Brbuil, Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d. 
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FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Yoog 
Students and Amateurs in Architecture, Paintinj^, &c. By Gborgb Pynb, 
Artist. Woodcuts, as. 

27. A GRAMMAR OF COLOURING, applicable to House Paint- 
ing, Decorative Architecture, and the Arts, for the Use of Practical Painters 
and Decorators. Bv Gborgb Fibld, Author of " Chromatics ; or. The Am • 
logy, Harmony, and Philosophy of Colours," &c. Enlarged by Ellis K. 
Davidson. Coloured Illustrations. 2s. 6d. 

40. GLASS STAINING; or, Painting on Glass, The Art of. Com- 

prising Directions for Preparing the Pigments and Fluxes, laying them upon 
the Glass, and Firing or Burning in the Colours. From the German of Dr. 
Gbssert. To which is added, an Appendix on The Art of Enamelling, 

41. PAINTING ON GLASS, The Art of. From the German of 

Emanuel Otto Fromberg. is. 

69. MUSIC, A Rudimentary and Practical Treatise on, "With 
numerous Examples. By Charles Child Spbvcbr. 2s. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises and Lessons. Written and Selected from the Best Masters, by Charles 
Child Spsncer is 6d 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil^ Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature. 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John GuLLiCK^ssisted by 
John Times, F.S.A. Third Edition, revised and enlarged, withrrontispiece 
and Vignette. 5s. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. • 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

tbeir Construction, and the Methods of Testing, Adjusting, and Using them 

are concisely Explained. By J. F. Heather, M.A.. of the Royal Military 

Academy, Woolwich. Original Edition, in x vol., Illustrated, zs. 6d. 

*<,* In ordering the aiove, be careful io say, "Original Eaiiion,* or give the number 

in the Series (32) to distinguish it from the Enlarged Edition in 3 vols, 

{Nos. 168-0-70). 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 

with all the Modem Improvements. Arranged for the Use of Schools and 

Private Students ; also for Practical Land Surveyors and Engineers. By 

^T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. Illustrated 

with Plates and Diagrams. 2s. 

6i». READY RECKONER FOR THE ADMEASUREMENT 

,OF LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To 

.which is added a Table, showinpf the Price of Work, from ss. 6d. to £x per 

acre, and Tables for the Valuation of Land, from zs. to ^xfioo per acre, and 

from one pole to two thousand acres in extent, &c., 8cc. zs. 6d« 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Pers]^ective, extracted n-om the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
, of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A, Illustrated with z4Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 2Z5 Woodcuts. 2s. 

179. PROJECTION: Orthographic, Topographic, and Perspective: 

fiving the various Modes of Delineating Solid Forms by Constructions on a 
ingle Plane Surface. By J. F. Heather, M.A. \In preparation, 

*«* The above three volumes will form a Complete Elementary Course of 

Mathematical Drawing. 
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Arithmetic, Geometry, Mathematics, etc., continued, 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Alaster of King's College School, London, xs. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self-Instruction. By J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index* is. 6d. 

84* A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By JT R. Youno. is. 6d. 

85. EQUA TIONAL ARITHMETIC, appUed to Questions of Interest, 
83*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipsley. In Two 
Parts, IS. each ; or in One Vol. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s. 

86* A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Youno. is. 6d. 

88. EUCLID, The Elements of: with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d. 

•»* Sold also separately, viz, : — 

88. EucUD, The First Three Books. By Henjiy Law, C.E. is. 

89. EucCiD, Books 4, 5, 6, II, 12. By Henry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONICAL SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King's College School, London. A New Edition, re- written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s. 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, forme'rly Mathematical Master of King's College, London, is. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
%• Or with " The Elements 0/ Plane Trigonometry,^^ in One Volume, 2S. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modern Engineering. By T. Bakbr, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

94. LOGARITHMS, a Treatise on; with Mathematical Tables for 

facilitating Astronomical, Nautical, Trigonometrical, and Logarithmic Calcu- 
lations; fables of Natural Sines and Tangents and Natural Cosines, By 
Henry Law, C.E. Illustrated. 2s. 6d. 

lot*. MEASURES, HEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an. Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., &c. is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. !!!>istrated. is. 

103. INTEGRAL CALCVL'JS, Examples on the. By James Hann, 

late of King's College, London. Illustratedi is. 

loi. DIFFERENTIAL CALCULUS, 'EiLzm^ltsoiiht, ByW. S. B.. 
WooLHOUSK, F.R.A.S., &c. is. 6d. 

104. DIFFERENTIAL CALCULUS, Examples and Solutions of the. 

By James Haddon, M.A. is. 
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Arithmetic, Geometry, Mathematics, etc., continued. 
105. MNEMONICAL LESSONS. — Guou-btky, Algebra, and 

Trigonombtry, in Easy Mnemonical Lessons. By the* Rev. Thomas 
Pknyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC^ Rudimentary, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. ^Revised by Abraham Arman. 
IS. 6d. 

137. A Key to Haddon*s Rudimbntary Arithmetic. By A. Arman. is. 6d. 

147. ARITHAfETICy Stepping- Stone to; Being a Complete Course 

of Exercises in the First Four Rules (Simple and Compound), on an entirely 
new principle. For the Use of Elementary Schools of every Grade. Intended 
as an Introduction to the more extended works on Arithmetic. By Abraham 
Arman. is. 

148. A Key to Stepping- Stone to Arithmetic. By A. Arman. is. 

158. THE SLIDE RULE, AND HOW TO USE IT; Containing 
ftill, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Ho are, C.E. With a 
Slide Rule in tuck of cover. 3s. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Cop3ring, and Measurement of Afaps and Plans. 
II. Instruments Used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M. A., late of the Royal 
Military Academy, Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, is. 6d« 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes. Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 

%• The above three vdLumes form an enlargement of the Author's original work. 
'* Mathematical Instruments: their Construction, Adjustment, Testing, and Use, 
ik$ Eleventh Edition of which is on snle, price is. 6d. (See No. 32 in the Series.) 

^^,'^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. > M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. Cloth boards. 5s.. 



LEGAL TREATISES. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By t>AviD Gibbons. Third Edition, Enlarged. 3s. 

I0^ COUNTY COURT GUIDE, Plain Guide for Suitors in the 
County Court. By a Barristbr. is. 6d. 

108. THE METROPOLIS LOCAL MANAGEMENT ACT, i8th 

and X9th Vict., c. x2o; XQth and 20th Vict., c. 112; 21st and 22nd Vict., 
c. X04 ; 24th and 25th Vict., c. 6f ; also, the last Pauper Removal Act., and 
the Parochial Assessment Act. . is. 6d. 

io8*. THE METROPOLIS LOCAL MANAGEMENT ^^^iVZ>. 
J/£'A^7' ylCT*, 1862, 25th and 26th Vict., c. X20. Notes and an Index, is. 
%* With the Local Management Act, in One Vtilume, zs, 6d. ^ 

151. A HANDY BOOK ON THE LAW OF FRIENDLY, IN- 
DUSTRIAL &* PROVIDENT BUILDING &* LOAN SOCIETIES. 
With copious Notes. By Nathaniel White, of H.M. Civil Service, is. 

163. THE LAW OF PATENTS FOR. INVENTIONS; and on 
th« Protection of Designs and Trade ^larks. By F. W. Campin, Barrister- 
at-Law. 2s. 
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MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, ike FINE ARTS, 6>v. With Explanatory Observations on various 
Subjects connected with Applied Science and Art. By John Weale. 
Fourth Edition, with numerous Additions. Edited by Robert Hunt, F.R.S., 
Keeper of Minin? Records, Editor of Ure's *' Dictionary of Arts, Manufac- 
tures, and Mines/' Numerous Illustrations. 5s. 

112. MANUAL OF DOMESTIC MEDICINE, Describing the 

Symptoms, Causes, and Treatment of the most common Medical and Surgical 
Affections. By R. Gooding, B.A., M.R.. The whole intended as a Family 
Guide in all Cases of Accident and Emergency. 2s. 

112*. MANAGEMENT OF HEALTH, A Manual of Home and 
Personal H;^giene. Beinp^ Practical Hints on Air, Light^ and Ventilation ; 
Exercise, Diet, and Clothing ; Rest, Sleep, and Mental Discipline ; Bathing 
and Therapeutics. By the Rev. James Baird, B.A. is. 

113. FIELD ARTILLERY ON SERVICE, on the Use of. With 

especial Reference to that of an Army Corps. For Officers of all Arms. 
By Taubbrt, Captain, Prussian Artillery. Translated from the German by 
Lieut.-Col. Henry Hamilton Maxwell, Bengal Artillery, zs. 6d. 

113*. SWORDSy AND OTHER ARMS used for Cutting and Thrust- 
ing, Memoir on. By Colonel Marby. Translated from the French by 
Colonel H. H. Maxwell. With Notes and Plates, xs. 

150. LOGIC, Pure and Applied. By S. H. Emmens. Third 
Edition, zs. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY, With 

an Explanation of the Mode of Transacting Business on the Stock Exchange. 
By Francis Playford, Sworn Broker, zs. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s. 



EDUCATIONAL AND' CLASSICAL SERIES. 



HISTORY. 

I. England, Outlines of the History of j more especially with 

reference to the Origin and Progress of the English Constitution. A Text 
Book for Schools and Colleges. By William Douglas Hamilton, F.S.A., 
of Her Majesty's Public Record Office. Fourth Edition, revised and brought 
down to 1872. Maps and Woodcuts. 5s. ; cloth boards, 6s. Also in Five 
Parts, IS. each. 

$. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Levien, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Home, Outlines of the History of: From the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levien, of Balliol College, Oxford. Map, 25. 6d. ; cl.bds. 35. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

;from the Creation of the World to the Conclusion of the Franco-German 
War. The Continuation by W. D. Hamilton, F.S.A., of Her Majesty's 
I Record Office. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. Edgar Rand, 
B.A. zs. 

LONDON : LOCKWOOD AND CO., 
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ENGLISH LANGUAGE AND MISCEL- 
LANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydk 
Clarke, D.C.L. Third Edition, zs. 

II*. Philology ; Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch,*High Dutch 
or Grerman, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Austin Brenan. 
i6th Edition, xs. 

49. Derivative Spelling- B ook : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extenapore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translated from the French, Fifth Edition, carefully corrected. 
2s. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By T. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, xs. 6d. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Public and Private Examinations. By the Rev. Edgar 
Rand, B.A. zs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink, Practical Chemist, &c., and George 
E. Webster, Lecturer on Metallurgy and the Applied Sciences, Netting • 
ham. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of llitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

s. 
Introductory Primer . o 
First Standard . . o 
Second „ . . o : 

*f* A Sixth Standard in Preparation. 

Lessons from the Bible. Part I. Old Testament, xs. 

Lessons from the Bible. Part II. New Testament, to which is added 

The Geography of the Bible, for very young Children. By Rev. C. 

Thornton Forster. is. 2d. %* Or the Two Parts in One Volume. 2s. 



d. 




s. d. 




Third Standard . 


. . z 


5 


Fourth „ 


. z 2 





Fifth „ 


. I 6 



FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 

25. French-English Dictionary, Comprising a large number of 

New Terms used in Engineering, Mining, on Railways, &c. By Alprbb 
Elwbs. is. 6d. 
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French, cotitinued, 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 
cloth boards, 3s. 6d. *»* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Books Containing Intro- 
ductory Lessons, with Translations, for the conrenience of Students : several 
Vocabularies of Words, a Collection of suitable Phrases, and Easy Familiar 
Dialogues, xs. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, xs. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Grermany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. xs. 

41. German Triglot Dictionary. By Nicholas Esterhazy, 

S. a. Hamilton. Parti. English-German-French, xs. 

42. German Triglot Dictionary. Part II. German-French- 
English, xs. 

43. German Triglot Dictionary. Part III. French-German- 

English, xs. 

41-43. German Triglot Dictionary (as above), in One Vol., 3s.; 
cloth boards, 4s. %* Or with the German Grammar, cloth boards, 5s. 



ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Conrst 

of Exercises. By Alfred Elwes. xs. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwes. 
Vol. X. Italian-English-French. 2s. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. 2s. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian -English. 2s. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 6s. ; 
32. cloth boards, 7s. 6d. %* Or with the Itauan Grammar, cloth bds., 8s. 6d. 



SPANISH. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. is. 

35. Spanish-English and EngliRh*-Spanish Dictionary. 

Including a large number of Technical Terms used in Minine, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
^s. ; clotn boards, 5s. %* Or with the Grammar, cloth boards, 6s. 



HEBREW. 

46*. Hebrew Grammar. By Dr. Bresslau. is. 
44. Hebreiv and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roofs of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. \* Or with tht Grammar, 7s. 

•46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebre^w Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, X2s. 

LONDON : LOCKWOOD AND GO., 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary- Compiled from the best Autho- 

rities. By the Rev. Thomas Goodwin, M.A. as. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 

20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 

cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. . 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by Henry Young, 
lately Second Master of the Royal Grammar School, Guildford, is. 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young, as. 
12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 
Introduction, Analjrsis, and Notes Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de* Ami- 
citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 29 

3. Cornelius Nepos. With Notes. Intended for the Use of 

Schools. By H. Young, is. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 

21. Juvenalis Satirae. AVith Prolegomena and Notes by T. H. S. 

EscOTT, B.A., Lecturer on Logic at King's College, London, is. 6d. 

• 16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 

i6*. — — Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi. xxii., is. 6J. 

8. SalluStli Crispi Catalina et Bellum Jugurthinum. Notes Critical 

and Explanatory, by W. Ikl. Donne, B.A., Trinity College, Cambridge. 
IS. 6d. 

10. Terentii Adelphi Hecjrra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2s. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jamrs Davies, M.A. is. 6d. 

11. Terentii Eunuchus, Comcedia. Edited, with Notes, by the Rev. 

Jambs Davies, M.A. is. 6d. Or the Adelphi, Andria, and Eunuchus, 
3 vols, in I, cloth boards, 6s. 

4. Virgilii Maronis Bucoliea et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis j^neis. Notes, Critical and Explanatory, by H. 

Young, as. 

19. Latin Verse Selections, from Catullus, TibuUus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge, s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

S«neca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. MotesbyW. B. Donne, M.A. 2s. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Clauds Hamilton, is. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Henry R. 
Hamilton. Vol. x. Greek -English, 2s. ; Vol. 2. English-Greek, 2s. Or the 
Two Vols, in One, 4s. : cloth boards, js. 

14.15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 

I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 

30. ><Eschylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorp. Edited, with English Notes, Critical and Explanatory-, 
by the Rev. James Davies, M.A. is. 

32. -<Eschylus ; Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davies, M A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Weisb. With Notes, by C. S. T. Townshbnd, M.A. is. 6d. 

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milner, B.A. is. 
23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, 'by W. Brownrigg Smith, 
M.A., F.R.G.S. IS. 6d. 
14.17. Herodotus, The History of, chiefly after the Text of GaisfoRd. 

With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leary, MA., D.C.L. 

Part I. Books i., ii. (The Clio and Euterpe), is. 6d. 

Part 2. Books iii., iv. Q'he Thalia and Melpomene), is. 6d. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia) is. 6d. 

Part 4. Books viii., iv. (The Urania and Calliope) and Index, is. 6d. 

5-12. Homer, The Worlds of. According to the Text of BAKUMLEiif. 

With Notes, Critical and Explanatory, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L. 

Leary, M.A., D.C.L. ^ , , ^ « , ... 

The Iliad: Parti. Books i. to vi., is.od. Part 3. Books xm. to xvui., is. 6d. 

Part 2. Books vii. to xii., is. 6d. | Part 4. Books xix. to xxiv., is. 6d. 

Part 3. Books xiii. to xviii., is. 6d. 
Part 4. Books xix. to xxiv., and 
Hymns, 2s. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phasdo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. James Davies, M.A. 2s. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. JdHN Milner, B.A. 2s. 

41. Thucydides: Histoiy of the Peloponnesian War. Notes by H. 

Young. Book i. is. 

2, 5. Xenophon's Anabasis ; or. The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books iv. to vii., is, 

42. Xenophon's Panegyric on Agesilaus. Notes and Intrr- 

duction by Ll. F. W. Jew i tt. is. 6d. 

LOCKWOOD AND CO., 7, STATIONERS* HALL COURT, K.C. 



The Odyssey: Parti. Books i. to vi., is. 6d. 
Part 2. Books vii. to xii., is. 6d. 
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NEW & STANDARD WORKS 

IN 

ENGINEERING, ARCHITECTURE, 
AGRICULTURE, MATHEMATICS, MECHANICS, 

SCIENCE, &c. &c. 

PUBUSHED BY 

LOGKWOOD & CO., 

7, STATIONERS'-HALL COURT, LUDGATE HILL, RC 



ENGINEERING, SURVEYING, &c. 

^ 

Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc Inst 
C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c. This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. \In the press. 

*»* Jn accumulating information for this volume^ the Author has 
been very liberally assisted by severed professional friends^ wh« have 
made this department of engineering their special study. He has thus 
been in a position to prepare a work whichy within the limits of a 
single volume^ will supply the reader with the most complete and 
reliable information upon all stibjects, theoretical and practiced^ am" 
nected with water supply. Through the kindness of Messrs. Ander- 
son, Bateman, Hawksley, Homersham^ Baldwin Latham, Lawson, 
Milne, Quick, Rawlinson, Simpson, and others, several works^ con- 
stricted and in course of construction, from the designs of these gentU- 
men, will be fully illustrated and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED 

IN THE text:— 

Historical Sketch of the means that have been proposed and adopted for the Supply 
of Water. — ^Water and the Foreign Matter usually associated with it.-~RaiafaU aod 
Evaporation. — Springs and Subterranean Lakes. — Hydraulics. — The Selection of 
Sites for Water Works. — WeUs. — Reservoirs. — Filtration and Filter Beds. — Reserretr 
and Filter Bed Appendages. — ^Pumps and Appendages. — Pumping Machinerv.— « 
Culverts and Condiuts, Aqueducts, Syphons, &c. — Distribution of Water. — ^Water 
Meters and general House Fittings. — Cost of Works for the Supply of Water.— Coa- 
stant and Intermittent Supply.— Suggestions for preparing Plans, &t. &c., together 
Mrith a Description of the numeroih Works illustrated, viz : — Aberdeen, Bidefofd, 
Cockermouth, Dublin, Gla.sgow, Loch Katrine, Liverpool, Manchester, Rotherham, 
Sunderland, and several others ; with copies of the Contract, Drawings and Specifi- 
cation in each case. 
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Humbcf^s Modern Engineering, First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraiilic, 
Railway, Bridge, and other Engineering Works, &c. By "WILLIAM 
HuMBER, Assoc. Inst C.E., &c. Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, CE., F.R.S., &c Price 3/. 3^. half morocco. 

List of tke Plata, 

NAMB AND DBSCSIPTION. PLATES. NAME OP ENGINEER. 

Victoria Station and Roof— L. B.&S. C. RaiL i to 8 Mr. R Jacomb Hood, C.E. 

Southport Pier 9 and zo Mr. James Bmnlees, C.E. 

Victoria Station and Roof— L. C. & D. &G. W. 

Railways zztozsA Mr. John Fowler, C.E. 

Roof of Cremome Music Hall z6 Mr. WilHam Humber, C.E. 

Bridge over G. N. Railway 17 Mr. Joseph Cubitt, CE. 

Roof of Station— Dutch Rhenish Railway . . x8 and 19 Mr. Euschrdi, CE. 

Bridge orer the Thames— West London Ex- 
tension R&ilway 20 to 24 Mr. William Baker, C.E. 

Armour Plates 25 Mr. James Chalmers, C.E. 

Suspension Bridge, Thames*. «... a6 to 29 Mr. Peter W. Barlow, C.E. 

The Allen En^ne 30 Mr. G. T. Porter, M.E. 

Suspension Bridge, Avon 3z to 33 Mr. John Hawlcs^w, CE. 

andW.H. Barlow, CE. 

Underground Railway 34 to 36 Mr. John Fowler, CE. 

With copious Descriptive Letterpress, Specifications, &c. 



*' Handsomely litfaograxthed and jninted. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works." — Engineer. 

Humbef^s Modern Engineering, Second Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &c Price 3/. y, half morocco. 

Liit of the Plates, 

KAME AND DESCRIPTION. FLATES. NAME OP ENGINEER. 

Birkenhead Docks, Low Water Basin i to 15 Mr. G. F. Lyster, C.E. 

Charing Cross Station Roof->C. C. Railway. z6 to x8 Mr. Hawksfaaw, CE. 

Digswell Viaduct— Great Northern Railway. 19 Mr. J. GuUtt, CE. 

Robb«ry Wood Viaduct— Great N. Railway. 20 Mr. J. Cubitt, CE. 

Iron Permanent Way 20a ■ 

Clydach Viaduct— Merdiyr, Tredegar, and 

Aber^venny Railway 21 Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto 22 Mr. Gardner, C.E. 

Collie Wood Viaduct— Cornwall Railway .. 23 Mr. Brunei. 

DubUn Winter Palace Roof ^ 24 to 26 Messrs. Ordishft Lc Feuvre. 

Bridge over the Thames— L. C & D. Railw. 27 to 32 Mr. J. Cubitt. CE. 

Aihert Harbour, Greenock 33 to 36 Messrs. Bell & Miller. 

With copious Descriptive Letterpress, Specifications, &c. 



" A r^jw«iM/of all the more interesting and important works lately ccmwieted in Groat 
Britain ; and containing, za it does, carefully executed drawingL with fidi working 
details, it will be found a valuable accessory to the profession at large."— .£»^W«(r. 

-'fMr. Humber has dene the profession rood and true jerrice, by ihe fine collection 
of examples he has here bmught fcefcrc wt laiofessiop and tiie puik£c.**'^Fntcticai 
Meckanick* youmal. 
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Humberts Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, dmwm to a large 
scale, and Photographic Portrait of J. R. M*Clesii, Esq. > late Pre- 
sident of the Institution of Civil Engineers. Price 3/w 3^. half 



morocco. 



List of Plates and Diagrams. 



Bridge over River Lea. 
Bridge over River Lea. 



MAIN DRAINAGE, METROPOLIS. 

North Sidb. 

Map showing Interceptioii of Sewets. 
Middle Level Sewer. Sew«r under Re> 

gent's CanaL 
Middle Lev^ Server. Janction widi Fleet 

Ditch. 
Out&H Seiper. Bridge over River Lea. 

Elevation* 
Outfall Sswer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Bridge ov«r Mar^ Lane, 

North Woolwich Railway, and Bow and 

Barking Railway Junction. 
Outfall Sewer. &idge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bri^e over Bow and 

Barking Railway. ^ Detsdls. 
Outfall Sewer. Bridge over Bow and 

Barldng Railway^. Detuls. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. ElevatiofL 
Outfall Sewer. Bridge over Bast LiHidoa 

Waterwwrks* Feeder. Details. 
Reservoir. Flan. 
Reservoir. Section. 
Tumbling Bay and Qutlet. 
Penstocks. 



Outfall Sewer. 
Outfea Sewer. 
Out&U Sewer. 
OutfiOl Sewer, 



South Side. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Reservoir and Outlet 
Plan. 



MAIN DRAINAGE, METROPOLIS, 
co7iiinued — 

Outfall Sewer. Reservoir and Outlet 

Details. 
Outfall Sewer. Reservoir and Outlet. 

Details. 
Out£kll Sewer. Reservoir and Outlet 

Details. 
Outfall Sewer. Filth Hoist. 
SectJons of Sewers (Nordb and South 

Side^. 

THAMES EMBANKMENT. 

Section of River Wall. 
Steam-boat Pier, Westminster. Elevation. 
Steain4x>at Pier, Westminster. Details. 
Landing Stairs between Charing Cross 

and Waterloo Bridges. 
York Gate. Front Elevation. 
York Gate. Side Elevation and Details. 
Overflow and Outlet at Savoy Street Se wer. 

Details. 
Overflow and Outlet at Savoy Street Sewer. 

Penstock. 
Overflow and Outletat Savoy StreetSewer. 

Penstock. 
St^m-boat Pier, Waterloo Bridge. Eleva- 
tion; 
Steam4xEit Pier, Waterloo Bodge. De- 

taib. 
Steam-boat Pier, Waterloo Bridge. De* 

tails. 
Junction of Sewers. Plans and Sections. 
Gullies. Plans and Sections. 
Rolling Stock. 
Granite and Iron l^orts. 



With o^nons DescriptiTe Letterpress, Specifications, &c. 



Opinions of the Press. 

** Mr. Humber's woricsr— especially his annual ' Reconl,' with which so many of our 

readers are now familiar-^1 a void occupied by no other branch of literature 

The drawings have a constantly increasing value, and whoever desires to possess clear 
representations of the two great works carried out by our Metrc^poUtan Board wUl 
obtain Mr. Hiunber's last vcuume.'^ — Engineering^^. 

" No engineer, architect, or contractor should fail to preserve these record&of works 
which,, for magnitude, have not their paralld in the present day, no student in the 
profession but should carefully study the details of these great works, which he may be 
one day called upon to imitate." — Mechanic^ Magazine, 

"Aworkhighly creditable to the industry of its author. .... The volume isqn^" 
an encyclqpaeua for the study of the stadent who d^res to master the subiec* of 
municipal drainage on its scale of greatest development "-^Prwr^m/ Mec/tanics 
youmal. 
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Humberts Modern Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4I0, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. Price 3/. 3/. half-morocco. 

List of the Plates and Diagrams, 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis z to 4 Mr. Bazalgette, C.E. 

Barrow ttocks 5 to 9 Messrs. MXillean & Stilbnan, 

Manquis Viaduct, Santiago and Valparaiso [C.E. 

Railway 10,11 Mr. W. Loyd, C.E. 

Adams' Locomotive, St Helen's Canal Railw. za, 13 Mr. H. Cross, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to 16 Mr. J. Hawkshaw, C.E. 

Road Bridge over the River Moka. 17, 18 Mr. H. Wakefield, C.E. 

Telegraphic Apparatus for Mesopotamia .... zg Mr. Siemens, C. £. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.E. 

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Bnmd, C.E. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

Millw^l Docks 26 to 3Z Messrs. J. Fowler, C.E., and 

William Wilson, C.E. 

Milroy's Patent Excavator 32 Mr. Milroy, C E. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in* 

CBef. and Mr. T. M. 
Johnson, C.E. 
Harbours, Ports, and Breakwaters A to c 

77ie Letterpress comprises — 

A concluding article on Harbours, Ports, and Breakwaters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Millwall Docks ; &c., &c., &c. 



Opinions of the Press, 

**Mr. number's 'Record of Modem Engineering* is a work of peculiar value, as 
well to those who design as to those who study the art of engineering construction. 
It embodies a vast amount of practical information in the form of full descriptions and 
workmg drawings of all the most recent and noteworUiy engineering works. The 
plates are excellently lithographed, and the present volume of the ' Record ' is not a 
whit behind its predecessors."— j/^pc/wwi:/ Magaziiu. 

** We ffladhr welcome another year's issue of this valuable ptiblication from the able 
pen of Mr. Humber. The accuracy and general excellence of this work are well 
known, while its usefulness in giving the measurements and details of some of the 
latest examples of en^neering, as carried out by the most eminent men in the profes* 
sion, cannot be too highly prized." — Artizan. 

** The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering library."— il/z«/«jf 
yaurnat. 

" No one of Mr. Hi.niber's volumes was bad : all were worth their cost, from the 
raa5» of plates from welNexecuted drawings which they contained. In this respect, 
perhaps, tliis \a^f volume s the most valuable that the author has produced."— /V/rr- 
ttcf I Mecknnit's' yourtini. 
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Humberts Great Work an Bridge Constrtutton. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — ^Theoretical, Practical, and 
Descriptive, By William Humber, Assoc. Inst. C. E., and M. Inst 
M.E. Third Edition, revised and mtich improved, with 115 Double 
Plates (20 of which now first appear in this edition), and'numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. i6j. 6d. half 
bound in morocco. 

** A very valuable contribution to the standard literature of civil engineerinr. In 
addition to elevations, plans, and sections, larsre scale details are given, which verv 
much enhance the instructive worth of these ulustrations. No engineer would wil- 
lingly be without so valuable a fund of information." — Civil Engineer and Architects 
youmal. 

^ *'The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction, lliese 
investigations are exceedingly complete, having evidently been very careAilly con- 
ddered and worked out to the utmost extent that can be desired by the practical man. 
The tables are of a very useftd character, containing ihe results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
traled bv numerous woodcuts, plates, and diagrams ; and the plates in the second 
volume do great credit to both draughtsmen and engravers. In conclusion, we have 
great nleasure in cordially recommending this work to our readers." — Artizan. 

** Mr. Humberts stately volumes lately issued — in which the most important Inidees 
erected during the last five years, tfaider the direction of the late Mr. Brunei, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among otu 
most eminent engineers, are drawn and specified in great detail." — Engifuer. 

Weale^s Engineers^ Pocket-Book. 

THE ENGINEERS', ARCHITECTS', and CONTRACTORS' 
POCKET-BOOK (Lockwood & Co.*s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price dr. 
*' A vast amotmt of really valuable matter condensed into the small dimen- 
sions of a book which is, in reality, what it professes to be — a pocket-book 

We cordially recommend die book to the notice of the managers cf coal and other 
mines ; to them it will prove a handy book of reference on a variety of subjects more 
or less intimatdy connected with theur profession."— C^/«rr^ Guardietn, 

*' Every branch of eng^eering is treated of, and facts, figures, and data of every 
kind 7Axii^aA.**'-^MeckaHics* Mag. 

*' It contains a laive amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions gjeacnXiyy-^MiHing youmal. 

Iron Bridges ^ Girders, Roofs, &c, 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mulae and Symbols being exchided. By Francis Campin, C.E. 
With numerous Diagrams. i2mo., cloth boards, 3^. 

" For numbers of young engineers the book is just the cheap, handy, first guide 



* for numbers ot young engmeers tne do 

they want" — MiddUsboroueh Weekly News. 

''^Invaluable to those who have not beei 



been educated in mathematics,**— C<>i7/V>y 
Guardian. * 

" Remarkably accurate and well wriilta/*— Artizan, 
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Barlow on the Strength of Materials^ enlarged, 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Constniction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power o€ Locomotive Engines, and tfae^ effect of In(^ned Planes 
and Giiidlent& By Pbter Barlow, F.R»S. A New Edition, 
rerisftdby hisSons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R^S., to which are added Experiments by HodgkimBOK, Fair- 
bairn, and Kirkaldy ; an Essay (with Ilhutintions) oa the effect 
Srodueed by passing Weights over Elastic Bans, by the Rev. 
lORKRT W1LLI&, M.A., F.R.S. And Formulee for Calculating 
Girders, Ac The whole arranged and edited by W. Humber, 
Assoc. Inst. C.E., Authorof " A Complete and Practical Treatise 
on Cast and Wron^t^Iron Bridge Construction^" &e. &<L Demy 
Svo, 400 pp., with 19 lBi|;e Pl£ite% and monerous wDodcuts, price 
ir-Sf. do^ 



*' AMmmiiA iilnicd u die feixth edition, die ^utte under cdnsidtea*ion.isfroiihyof 
beng IvaMTOd, for all praetkal pitfpotas, as an eattrriy new work . . . the beek 
is undouBtediy ffWSBLy> of the highest oommttKiatioa»"-'''Jf«WM|f ywmi tm l^ 

" Ab incmaMd vahito has been giveto ta thia Tcrf ^uAUe weds by the addilioii of 
a lavge amount of iaformallon, which canaoC prote othferwiae than highly uadU to 

those "^^kn require to consult it Tba a i ra n g a aart aad editing ef this 

nas8 of iafbratttitm has been undertatDen by Mr. HumbCtr, who has laeM ably niliilled a 
task re<piinng sfiecial eare and ability to rend* it amooessb"— AMAmMr/ AfbyiUMir. 

" The best bo<^ on- the subject whith has ytt appealed. .... We kaow of 
no work duit so oompletdy folfils its tsissn^^'^E'ngUak Meckanze. 

** There is not a pupil in an eneineering school, an apprentice in an engineer's or 
architect's office, or a competent derk of works, wno will net recognise in the scientific 
Tolume newly given to circulation, an old and valued tnttid.^-'^Building Niews. 

'* The stanikni treatise upon this particular subject.**— ^»ji>r#^. 

Strains, FormnlcB ^Diagrams for Cakulation of 

A HANDY BOOK fof the CALCULATION of STRAINS 
in GIRDERS ftiid SIMILAR STRUCTURES, and- their 
STRENGTH ;coflsrsting ofFoMmilaeandCorrespondm|r Diagrams, 
whh. numerous Details for Practical Application, && By William 
HuMSBK, Assoc I^ist. C.E., &a Fcap. Sto, witii nearly 100 
Woodcuts and 3 Plates, pric6 yj. 6^/. dtttfL 

'*The anangomttlt of the afeatter in this little volume is as convenient as it well 
covld be. .... The System of en^>loying diagmms as a substkute ibr coawlex 
computations is one justly coming into great ituroor, aodib. that cttpeGi Mr« Humbia-'s 
volume is fully up to the times." — Engineering. 

*' The formulae are neatly expressed, and the diimnms good.*' — AtfuMntfrn, 
"We heartily commend dus really kandy Book to out* engineer and architect 
veaAan.**-^Sngiiik MvckaTtU, 

Mechanical Engineering. 

A PRACTICAL TREATKE ON MECMANtLCAL ENGI- 
NEERING: comprising MetaUurgy, hfonldiag^ CSistisf, Forgmg, 
Tools, Worfcahop Mftchmeiy, McJiailicftl MAnifndi^en, Manufac- 
ture of the Slei^ Engine^ Ac. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Tenns. By Francis 
Campin, C.E. lllusftrated with 91 Wtjodcats and 2^ Plates of 
Slotting^, Shaphig^ Drilling, Ponchhig^ Sheatfmgf^ and Riveting 
Madimes — Blast, Refining, anS Reverberatoiy Furnaces — Steam 
Engines, Governors, Boilers, Locomotives, tLz, 8vd, doth, 12J. 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. ShULDS, 
M. Inst C^E. Second Edition, with 5 plates. Royal Svo, 52*. cloth. 
Ck>irrBiiiTS . — Introductory Remarks ; Beams lK>aded at Centre ; Beams Loaded at 
tsBoqual distances between supports ; 6«»ms imifonnly Loaded ; Girders wUh triangu- 
lar braciii^ IxMided at centre ; Ditto, Loaded at unequal distanoes ibelwfeea oopports ; 
Ditto, umformlv Loaded; Caloufation of the Strains on Girders with triangular 
Basings; Cantilevers; Continuous Girders; Lattice Girders ; CKrders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow «ad String 
Girders ; Girders of a form not belojmng to any reg^ular figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Giitlers ; Bropoitioa of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Construction of Iron Beams ^ Pillar Sy &c, 

IRON AND HEAT, Exhibiting the Principles concerned hi the 
Construction of Iron Beams, Pluars, and Bridge G^irders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.E. Woodcuts, i2mQ, doth boards, 31. 6</. ; doth limp^ 2s, 6d, 

*'A very useful aad thoroagUy pcackical little rolume, in every way4eservii»g of 
eirculation amongst working men." — Mining journal, 

** No ironworker who wishes to acquaint himself with the principles <)f his o wa 
trade can afford to be without it."^^ffutk Durham Mercury. 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 

Gearing, Long and Short Driving Bands, Angular Forces, &c. 

By James Armour, C.E. Wifi 73 Diagrams. t2mo, cloth 

boards, 3J. M, [Rectn^ published. 

'^'Ntunerous mustratiens enable the author to convey his meaniiw as expliddy as 

it is perils^ possible to be conveyed. The YEdae o£ the Aeoretic ana practical ^know* 

ledge imported cannot well be orver estimated. "--A^mr^ajii^ Wetkly CktWiicle* 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Metiiods of 
Assay, and Analyses of Iron Ores, Processes of Manu&u^tuie of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of tiie 
Royal School of Mines. With numerous Illustrations. Fdurth 
Edition, revised and much enlarged. i2mo., cloth boards, 5^. &/. 

\Just^isked. 
" Carefully written, it has the merit of brevity and conciseness, as to less important 

points, while aU material matters are vety fully aad Uiorougmy entered into.'* — 

Siaud a rd. 

Trigonometrical S-nrveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo. 
graphical and Topographical Maps and Plans, Mllitauy Recon- 
naissance, XievelliBg, &c., with the most us^ul Pcoblems ki Geodesy 
and Practical Astronomy, and Formulae and Tables for Fadlitating 
their Calcid«tion. By Lieut-General Fromb, R.&, late In- 
spector-General of Fdtifications, &c. Fourth Edition, Enlaiged* 
thoroughly Rovised, «nd pattly Re-written. By Captain Charles 
WAitRfflf, R.E., F.G.S. With 19 Platts imd I15 Woodtuts, 
ro3ral 8vo, .pnce 16s. oloth. 
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Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge ot Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.LA. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Crown 8vo, I4r. 
cloth. \^Now ready. 

Drawing for Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGlNEBRING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, South Kensington. Second Edition, carefully revised. 
With upwards of 300 Plates and Diagrams. i2mo, cloth, 
strongly bound, 4f. dd, 

" Even accomplished draughtsmen vtrill find in it much that will be of use to them. 
A copy of it should be kept for reference in every drawing office." — Engineering, 

"An indispensable book for teachers of engineering drvwijag." -~ Mechanics* 
Magazine, 

Levelling, 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Apj^cation to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of lliying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&r. 6</. cloth. %* Trautwine on Curves, separate, price 5^. 

'* One of the most important^ text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
^t would be satisfactorily answered by consulting the volume."— /fi>M>(^ youmal. 

** The text-book on levelling in most of oiur engineering schools and colleges."— 
Engineer. 

The publishers have rendered a substantial service to the profession, especially to 
theyounger members, by bringing out the present edition of Mr. Simms's useful work." 
'^Engineering, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C,E., and Francis 
Campin, C.E. Cr. 8vo. oblong, 5^. cloth. [Just Published, 

** Creditable to both the authors and the publishers. . . . The way in which 
accuracy i« attained, by a simple division of each cross section into three elements, 
two of which are constant and one variable, is ingenious." — Athenenitn. 

** Likely to be of considerable service to engineers." — Building News. 

" Practical illustrations of the tabulated quantities are given, which make the 
working of the tables easy to the most inexperienced. The work is excellently 
got up, and the type is remarkaUy dear ; and contractors, builders, and engineers 
should not be without it.*'-^Eui/ders' fVeekfy Reporter. 

*'Two additions, one subtraction, and four multiplications, with the use of 
the tables, suffice to determine the quantity with considerable accuracy in any 
piece of earthwork ; and, as the tables are of pocket-book size and very legibly 
pnnted, they cannot fail to come into general u&t,*'— Mining Journal. 
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Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem. 
Inst C.E., Author of "Elementary Principles of Carpentry," &c. 
Fifth Edition, Edited by Eaton Hodgkinson, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts. 8vo, I2j. cloUi. 

*»* Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price ds, cloth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative. Merits, and an Essay towards an Improved 
System of Construction, adapted especiaUy to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plan, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst C.E., &c. &c. With 28 fine Plates, 
8vo, i6j. dd. cloth. 

"A work like this, which goes thoroughly into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific V^nxY.^— Steam Shipping Chronicle, 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By Robert Wilson, late 
Inspector for the Manchester Steam Users* Association for the 
Prevention of Steam Boiler Explosions, and for the Attainment of 
Economy in the Application of Steam. i2mo, cloth boards, 328 
pages, price 6j. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 

for setting out Curves from 5 to 200 Radius. By Alexander 

Beazeley, M. Inst C.E. Printed on 48 Cards, and sold in a 

doth box, waistcoat-pocket size, price 3J. 6</. 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument— no small advantage as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for the 
pocket — an arrangement tKat will recommend tnem to all practical men." — Engineer. 

" Very handy : a man may know that all his day's work must fall on two of these 
cards, wnich he puts into his own card-case, and leaves the rest \ifA\vnA.**—Aiheniei4tn. 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRX:ULAR 
CURVES for RAILROADS. By John C. Tra^tvtine, C.E. 
(Extracted from Simms's Work on Levelling). 8vo, 5j. sewed. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND BRICE BOOK fisr Home or FordgH Service : 
in referexiiC& to Roads, Railways, Tramwa^ns, Docks, Harbours, 
FovtSy FortificatioDSy Bxidges, Aqueducts, Tuxmels, Sewers, Water- 
works, Gasworks, Statwns, Barradcs, Wardbouses,. &c. &c. &c. 
With Specifications for Permanent Way, Telegraph Mateiiab, 
Pkuity Maintenance, and Working' of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &G, By W. D. Haskoll, C.E. 
Plates and Woodcuts. Published annually. 8vo, cloth, 6f. 
" As ^mishm? a variety of data on every conceivable want to civil engineers and 
COBtraeton, this hook has ever stood perhaps vgK^N7AicA**—Archiiect. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, la Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. , 
Author of "The Engineer's Fiekl Book," " Examples of Bridge 
and Viaduct Construction," &c. Demy Svo, price MSf. W. cloth, 
with 14 folding* P!ateS) and numerous Woodcuts^ 
" A most uscAil and well ananged boc^ fbr die aid of a stodeat .... We 

can stronely recommend it as a carefully-written and valuable VaAAaoslk^— ^Builder. 
*' Mr. Haskoll has knowledge and experience, and can so give e3q)ression to it as 

to make avf madter <m which he writes, dear to the ymmgest' pupil in a surveyor's 

oflfce.*— Ci*//ap?y GuMrdian: 
'*A volume which cannot fail to prove of the utmost practicsri utility. .... It 

is one which may be safely recommended to all students who aspire to become clean 

and expert surveyors." — Mining^ Journal. 

Engineering Fieldwarh. 

THE PRACTICE OF ENCaiNEERING FIELDWORK, 
afipHed' to Lamd and Hydraulic, Hydixigra^diic,. and Submarine 
Swrveyiog' and Let^dling. Seeozid- EditioBy revised^ with consider- 
aUr addons,, and a Supplementasy Volume <» WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATIONv % W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8(vo, 2 
vols, in one, cloth boards, i/. \s, (published at 2/. 4f.) 

Mimngy Surveying and Ve^hdng. 

TWEi MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Impropwed. Mining 
Surveying, with new Traverse Tables ; and DesfcriptioBS of Im- 
pny^ped lB9itn]sn«!it& ; also sui Exposildoa of the Correct' Principles 
of Laying o«it and Valuing Home and Foreign Iron and Coftl 
^fineial Properties: to which is appended M. THOMAN'S tof 
the CrAlit Mobilier, Paris) TREATISE on COMPOUND IN- 
TEREST and ANNUITIES,, with LOGARITHMIC TABLES. 
By William Lintern, Mining and Civil Engineer. i2mo, 
strongly bound in cloth boards, with four Plates* of Diagrams, 
Plans, &c., price lor. 6d. 
*' GoAtflinsxfliudi -v«diiali)o^iitftmBAtio*givett tk a sMaiBf coiQDa9i;.aad which, as far 
as we have tested it, ie thiDrausUy taKtwotlkf."-^Jnm'ami^CMd 7?rmi»»Rmiew. 

" THe matter, arnngemen^and illustration of tKs work are aHestcellent, aad make 
It one I -'•---•-■- — 



TUe matter, amngemen%.and illustration of tliis work 
ie of the besr of hs Wad.*— 4'i?!wfe^(r</. 
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jFzre Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRiaABES. With 
n HAsUury of Fire-En^es, their C^ivstniQtiQxi, Ufi^* ^^ul Hapage- 
rnent ; Kemarks on Fire-Proof Buildin^^, aud Ifhe Preservation ot 
Life fram Fire j Statistics of the Fire Appliances io English 
ToTWis ; Foreign Fire Systems ; Hints on Fire Brigades, 4fc,, &c 
By Chajlles F. T. Young, CE, With numerous Ulusjtrations, 
handsomely printed, 544 pp^ demy Rvq, prioe l/. <u. doth, 

" We cim most heartily coQunend this book. .... It is n^y the mly English 
work wc now have upon .the subject." — Engineering. 

* We strongly reoommend the bode to the notiee .«f all win .«rft in any way in- 
terested in -fins, fise'Cnsuies, or^r(''bfigade6.''--'il&c^iU(v' 9fttg«i0(ifyi, 

Manual qf Mining Tools. 

MINING TOOLS. For the use of Mine Manager^, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
l2mo. WiSi an Atlas of Plates, containing ZJtS XHustratioas. 4to. 
Together, prioe 9;. dotii boards* iJRe^m^y ^publisM. 

** Students in dw Science a( Mining, and not only ^tegr, but wiborcKoale i^^lAialsm 
mines, and even Overmen, Captains, Managers, and Viewers may gain ^i^actical 
laumdiedst <uid hmIUI Ina^ by th^ study ^ Mr. MQrs^aos's Manual'"— ^CWijiMy 

** A very valuable work, which will tend materially tp improve our niipii^ Uta»- 
tww. "—rMinii\g Journal. 

Gas and Gasworks. 

A TREATISE on GASWORKS awd the PRACTICE of 
MANUFACTURING and DISTRIBUTIUG COAL 4GAS. 
By Samwel Hughes, C.E. Fourth Edition, revised by W. 
Richards^ C.E. With 68 Woodeuts, bound in ekHSi boards, 
f anp, pricf 4f. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a 'Description of the Priniapal Oe<^ogicgl Formations of 
EqglAndas influencing .S^ppUes of Water. By S4J»(USL JI vghx;$, 
^.G.6., Civil Engineer. N«w and enlaiged edition, X21B0, do^ 
boards, with numerous Illustrations, price 5^. 
*' One of the most convenient, and at the same time reliable works on a subject, 
the vital importance of which cannot be over-estimated." — Bra4for4^0i9tvp^. 

Coal and Coal Mining. 

COAL AND COAL MINING : a Rudtmenlary Trcatfae on. By 
Waejngton W. Smyth, M.A., F.'R.«., «x., Chief Inspector 
of the Mines of tiie Ctowb and of the Duchy of CorawaU. New 
edition, revised and corrected. i2mo., doth boards, wil9i nume- 
rous Illustrations, price 4r> ^d, 
*' Every portion of the v^hcne appears to hai^e been prepared «alh mii<^-cane, and 
as an .outline is given of 9v«y known .coal-field in this ami other cou9trie§, as well as 
of the two principad methods of working, the book wiU dotfbfless interest a very 
large number c^ Tfa6cts,**'f^Hdmitig JimnuU. 

'^Certiinly finperimental «kill and rule-ofHhumb pc^otipe ww^d ibe gnatly en- 
ri^ed h^rihc adaitionof the theoretical knowledj^e and ««iwti6c.)#pirmati9n which 
Mr. Warington' Smyth commtmi^iAes in combination ynStx the resists <>f his own ex- 
perience and personal xts6SX^"-^olUeiyGuairdiaK, 
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Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, CivU 
Engineer. Third Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the TheodoUte, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep, cal- 
culated for every 6 inches in depth. With numerous wood-cuts, 
l2mo, piice 12 J. cloth. 

** A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of such a work 
and uie Sinount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given va. this volume."— i?«»^ 
way News. 

"The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables exlstmg all the same." — Athenaum. 

" The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering ptoitsAoa, —Mining 

" We strongly recommend this second edition of Mr. HaskoU's ' Field Book' to al 
classes of surveyors." — Colliery Guardian, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.K, Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2j. dd, cloth. 

" As a really handv book for reference, we' know of no work equal to it ; and the 
railway engineers ana others employed in the measurement and calculation of earth 
wotk will nnd a great amount of practical information very admirably arranged, and 
availaUe for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS : A 
Treatise on Maritime Engineering. By Thomas Stevenson, 
F.R.S.E., F.G.S., M.LC.E. Second Edition, containing many 
additional subjects, and otherwise generally extended and revised. 
With 20 Plates and numerous Cuts. Small 4to, 15^. doth. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick w. Sihms, M. Inst. 
C.E., Author of *' Practical Tunnelling," &c. Third Edition, with 
numerous Cuts. i2mo, price 3J. dd, doth. 
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Bridge Construction in Masonry, Timber, & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON "; consisting ot 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. lis, 6(L 

half-morocco. 
" One of the very few works extant descending to the level of ordinary routine, and 
treating on the common cvery-day practice of the railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its y^\x^**-^Engitieering, 

Mathematical Instruments, their Construction, &c. 

MATHEMATICAL INSTRUMENTS : their CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Instm- 
ments. By J. F. Heather, M.A., Author of "Practical Plane 
Geometry," "Descriptive Geometry," &c. Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cuts. 
i2mo, cloth boards, price 5^. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price &f. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, I2j. cloth. 
*• The standard text-book for all engineers regarding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a heXitt^—Engitieer. 

Pocket-Bookfor Marine Engineers. 

A POCKET BOOK FOR MARINE ENGINEERS. Con- 
taining useful Rules and Formulae in a compact form. By Frank 
Proctor, A. I.N. A. Second Edition, revised and enlarged. 
Royal 32mo, leather, gilt edges, with strap, price 4?. 
"We recommend it to our readers as going far to supply a long- felt want." — 
Naval Science. 

"A most useful companion to all marine engineers." — United Service Gazette. 
*' Scarcely anythmg required by a naval engineer appears to have been for- 
gotten. — Iron. . , J , 1 ., 

" A very valuable publication ... a means of saving much time and labour. — 
yew York Monthly Record. 

Weales Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 
Fourth Edition, enlarged and revised by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of *' Ure*s Dictionary of Arts," 
&c. i2mo, doth boards, price 6j. 
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Grantkanis Iran Ship-Buildingy enlarged. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlaiged. 
By John Grantham, M. Inst. C.E., &c Price 2/. ^s, complete. 



Description of Plates. 



1. 



9. 



4« 
5. 



8. 



xo. 



xz. 

13. 



X3. 



14. 
15. 



15«, 



<( 



Hollow and Bar Keels, Stem and 
Stem Posts. [Pieces. 

Side Frames, Flooring, and Bilge 

Floorings ftfM/mMf<^-— Keelsons, Deck 
Beams, Gunwales, and Stringers. 

Gunwales continued — Lower Decks, 
and Orlop Beams. 

Gunwales and Deck Beam Iron. 

Angle-Iron. T Iron, Z Iron, Bulb 
Iron, as Rolled for Building. 

Rivets, shown in section, natural size ; 
Fhish and Lapped Joints, with 
Single and DouDie Riveting. 

Platix^, three plans ; Bulkheads and 
Mo(J& of Securing them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

Sliding Keel, Water Ballast, Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Loagttttdmal Sacticm, and Half- 
breadth Deck Flan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

Large Vessel, showing Details — Fore 
End in Section, and End View, 
with Stem Post, Cratches, &c. 

Large VessetfShawmg Details — After 
End in Section, with find View, 
StemFramefor Screw, aadRudder. 

Larffe Fir^sf/, showing Details— Ifn^ 
sktp >S'^r/ft9M, half breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Beam-Biding Machine, Indepen- 
dent Sheaxng, Puncfaingand An^le- 
Iron Machine. 



153. Double Lever Punching and Shearing 
Maclmie, arranged for cutting 
Anrie and T Iron, with Dividing 
Table and Engine. 

16. Machines. — Garforth's Riveting Ma- 

chine, Drilling and CouQter-Sinking 
Machine. 
\6a. Plate Planing Madiine. 

17. Air Furmtce for Heating Plates an J 

Angle- Iron : Various Tools used in 
Riveting and Plating. 

18. Gunwale; Keel and Flooring ; Plan 

for Sheathing with Copper. 
z8a. Grantham's Improved PLanof Sheath- 
ing Iron Ships with Copper. 

Illustrations of the Mag;netic Condir 
tion of various Iron Ships. 

Gray's Floating Compass and Bin- 
nacle, with Adjusting Mac^ets, &c. 

Corroded Iron Bolt in Frame of 
Wooden Ship ; Jointix^ Plates. 
Great Eastern — Loagitudiaal Sec- 
tions and Half-breadth Plans— Mid- 
ship Section, with Details— Section 
in Engine Room, and Paddle Boxes. 
Paddle Steam Vessel of Steel. 
vf. Seetrbvough — Paddle Vessel of Steel. 
28-9. Proposed Passenger Steamer. 
30. Persian'— Iroa Screw Steamer. 

Midship Section of H.M. Steam 
Frigate, Worrier. 

Midship Section of H.M. Steam 
Frigate, Hercules, 

Stem, Stem, and Rudder of H.M. 
Steam Fri^e, Belleeyplum. 

Midship Section of H.M. Troop Ship, 
Seraj^. 

Iron Floatixig Dodc 



19. 



20, 



2Z. 



32-4. 



25-6. 



31. 



3«. 

33- 



34. 



35 



A thoroudaly practical work, and every question of the many in relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good sense. 
. . . . As good a volume for the instruction of the pupil or student of iron naval 
architecture as can be foimd in any laingaaLg€."~-Fractica2 Mechanics' youmal 

**A very elaborate work.^ . . . It forms a most valuable addition to die history 
of iron shipbuilding, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
wUl recommend it as one of practical utility to all interested in shipbuilding."— v4r^/j' 
and Navy Gazette. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
lessional Steam Users. By an Engineer. 

N. B. — ^Tkis little work zhotdd be in the hands of every person 
having tB dealmfith a Steam Engine of any kind. 
'^ If steam-users would but learn 4his httle book by heart, and tken hand it to 
their stokers to do the same, and see that the latter do it, boiler eKjpl^sions would 
become sensations by their nxity.** ^English Mechanic. 
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architectureT&c^ ' 

Ctmstrnction. 

THE SCIENCE of BUILDING : An Elementaiy Treatise on 

Uie Principles of Construction. By E. Wyndham Ta&n, M. A., 

Architect. Illustrated with 47 Wood Engravings. Demy 8vo, 

price &r. (xL cloth. [Secentiy MiiUshed, 

** A very valuable book, which we strongly recommend to all students." — Builder. 

" While Mr. Tarn's valuable fittle voknne is quite suffideatiy scientific to answer 

the purposes intended, it is written in a style that will deservedly make it popular. 

The diagrams are nnmrmus and exceedingly well executed, and the treatise does 

credit alike to the author and the pubCAer. '^■—Bn gine B r . 

"No architectural student should be witiiout this hand-book of constructioiial 
knowledge." — A rchitect. 

"The Mok is very far from beiitf a mere compilation ; it is an able digest of 
information which is only to be found scattered through various works, and contains 
more really cMriginal writing than many putting forth fax stronger claims to originality.** 
~^Sft^u%teTtHg^. 

Beaton* s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy me&od of estinuiting the various parts 
of a Building collectively, more especuUly apfSied to Carpenters' 
and Joiners* work, priced according to the pi«sent value of material 
and labour. By A. C. Bbaton, Author of * Quantities and 
Measurements.' 33 Woodcuts. Leather. Waistcoat-pocket size. 2j; 

Beaton* s Builders^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS : containing a Complete 
Eiq)]Aoation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all die Building Trades^ wkb a Treatise on the Measurement of 
Timbers, and Compete Specifications for Houses, Roads, and 
Drains. By A. C. BEATON, Author of * Quantities and Measure- 
ments.* With 19 Woodcuts. Leather. Waistcoat-pocket size. 2s, 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Desis^ns for Villa Residences in various Styles. vTith 
Detailed Specifications and Estimates. By C. WiCKES, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of 
England,'' &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in i vol. 4Jto, price 3/. lor. half 
morocco. Either Series separate, price i/. 7^. each, half morocco. 



The whole of the designs bear evidence of dMir being the woik of aa artistic 
architect, and diey will prove very valuable and suggestive to ardutects, students, and 
amatears.** — Bmldir^f^ Mtwt. 

The Architect* s Guide. 

THE ARCHITECTS GUIDE ; or, OBice and Pocket Com- 
panion Sor Engineers, Architects, Land and Building Surveyors, 
ContEactois» Builders, Clerks of Works, &e. By W. Davis 
Haskoll, C.E., R. W. Billings, Architeet^ F. Rogbks, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &c. Woodcuts, i2mo, cloth, price 31. dd. 
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Architecture, Ancient afid Modern, 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen ; the ORDERS of 
Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury ; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett. 
In one handsome volume, half-bound (pp. 1,100), copiously illus- 
trated, price lis, 

%* Sold separately i in two vols., as follows , price 6s. each, hf.-bd, 

ANCIENT ARCHITECTURE. Containing Gwilt*s Vitruvius 
and Aberdeen's Grecian Architecture. 

N. B. — This is the only edition of VITRUVIUS procurable at a 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Principles of Design, by Garbett. 

The Young Architects Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick, Architect, Author of " The Palace of Architecture," &c. &c 
New Edition, revised and enlarged. By G. Huskisson Guil- 
LAUME, Architect. With numerous illustrations. i2mo. cloth 
boards, 4f. \y^l Published, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, 7j. 6^/., boards. 
CoNTBNTS. — I. Practical Rules on Drawing — Outlines. II. Ditto— the Grecian 
amd Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c. 

Cottages, Villas, and Country Houses, 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several emment 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price i/. is,, cloth. 

Builder^ s Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK — with which is incorporated Atchley's, and por- 
tions of the late G. R. Burnell's Builders' Price Books— for 1875, 
containing the latest prices of all kinds of Builders' Materials and 
Labour, and of all Trades connected with Building; with many 
useful and important Memoranda and Tables ; Lists of the Mem- 
bers of the Metropolitan Board of Works, of Districts, District 
Oflficers, and District Surveyors, and the Metropolitan Bye-laws. 
The whole revised and edited by Francis T. W. Miller, Archi- 
tect and Surveyor. Fcap. 8vo, strongly half-bcund, price 4^. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical. 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c., and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.LB.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of iioo pp. of 
text, and 33 Lithographic Plates, cloth, 2/. 2j. (Published at 4/.) 

*' In these two volumes of z,zoo pages (together), forty-four specifications of executed 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchan^, by Mr. Tite, M.P. 

"Amongst the other known buildings, the specifications of which are given, are 
the WDtshupe Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, Kolloway (Bunnins^ ; the High School, Edinburgh (Hamilton) ; 
Clomworkers' Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere ; St Geoige's Qiurch, Doncaster 
(Scott) ; several works of smaller size by the Author, including Messrs. Shaw's Ware- 
house in Fetter Lane, a ve^ successful elevation ; the Newcastle-upon-Tvne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson) ; various works on Uie Great Northern Railwav (Brydone) ; 
and one Frendi specification for Houses in the Rue de Rivoli, Paris (MM. Armand, 
Hittorff. Pellechet, and Rohault de Fleury, architects). The majority of the specifi- 
cations nave illustrations in the shape of elevations and plans. 

"About Z40 pages of the second volume are appropriated to an exposition of the 
law in relation to the legal liabflities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, Barrister-at-law. Donaldson's Handbook of Spe- 
cifications must be bought by aU architects.'* — Builder, 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 

A Guide to the Architect, Engineer, Surveyor, and Builder ; with 

an Essay on the Structure and Science of Modem Buildings. By 

Frederick Rogers, Architect. With numerous Illustrations. 

Demy 8vo, price iSj., cloth. (Published at i/. lor.) 

*^ A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew bemg out of print, the author, on the basis 
of that work, has produced the above. Some of the specifications he has so altered 
as to bring in the now imiversal use of concrete, the improvements in drainage, the 
vise of iron, glass, asphalte, and other material. ^ He has also inserted specificationi; 
of works that have been erected in his own practice. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What wiU it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A. R.I B. A. 
Edited and Revised by Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
revised to 1875. Crown 8vo, cloth, price 31. (id. 
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CARPENT RY,, TIM BER, &c. 

TredgoldPs Carpentry^ new, enlarged^ and cheaper 
Edition, 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibnum of Timbec Fsaming, the 
Resistance of Timber, and the Construction of £loois» Arches, 
Bridges, R00&, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Buildrng ; also 
numerous Tables of the Scantlings of Timber for difieient purposes, 
the Specific Gravities of Materisds, &c By Thomas Trsdgold, 
C.E. Edited by Petsr Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. In 
I vol., 4to, published at 2/. 2j., reduced to i/. 5^., cloth. 

" ' ISted^fokPs Carpentry' om^ to be ia every anahttectfa and efvoy builder's 
library,, and those wno do not already possess it ou^t to avail theaselves of the new 
issue, —^iraiic^^r. 

"A wock Wiose monumcotal exoetteace must omnxnend it vdieiever skilfid car- 
liUi lK ji ts^oaoemed. The Author's princ^Ies are rather confinncd' than. impaired by 
timc^ an4 aa now presented, comhtne tl» surest base with the m ai t intr. B ea t ing di^Jay 
of pMCiessive aoience. The additionfal plates am of great intrinsic vahw.*'— ^«aU!6^ 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By Richa&d E. 
Grandy. Comprising : — An Analysis of Deal Staadaids^ Home 
and Foreign, with comparative Values and Tabular Arrangements 
£br Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, Duty, &c, 
&c. ; together with Copious Information for the Retailer and 
Builder. i2mo, price 7^. 6^ doth. 

" Everything it pretends to be : buih up gradually, it leads one from a forest to a 
treenafl, mad throws in, as a makeweight, a host of material ooncemiM brides, columns, 
cisterns, ftc.— idl that die class to wttom it igppeals re^mres.** — EmHttk M^kmnic. 

" The oidy difficulty we have isas to what is not in its pages. What we have tested 
of the contents,taken at random, is invariably correct." — lUtuirated Builder's Journal. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES; showing the number of Supeifidal 

Feet in Boxes or Packing-Cases, from six inches square and 

upwards. Compiled by William Richardson, Accountant. 

Oblong 4to, cloth, price 3J. 6d, 

"Will save much labour and calailarion to paclang-caae maken and Aose who use 
packing-cases."— t;«7e^. " Invaluable labour-saving tables.**— /fwwwwtfrr. 

Ntchohofis Carpentei^s Gmde. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising aU tiie Etementary: Piinciples 
essential for acquiring a knowledge of Cafpentary, Founded on the 
late Petbr Nicholson's stendwd work. A new Edition, revised 
by Arthur Ashpitel, F.S. A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is. cloth. 
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Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, 3^. cloUi. 
"£werytlm]g is as concise and clear as it can possibly be made. There can be no 
doubt tfaatevery timber mercfaantand builder ought to possess it" — Htdl Advertiser. 

Timier Freight Book. 

THE TIMBER IMPORTERS* AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker, author of ** Packing Case Tables," 
■&c. Crown 8vo, clotih, price ds, 

MEC HANICS , &c. 

Norton^ s Measurer, 

THE COMPLETE MEASURER ; setting forth the Measure 

ment of Boards, Glass, &c., &c. ; Unequal-sided, Squaie-sided, 

Octagonal-sided, Round Timber and Stone, and Standing Timber. 

With just allowances for the bark in the respective species of 

trees, and proper deductions for the waste in hewing the trees, 

&c. ; also a Table showing the solidity of hewn or eight-sided 

timber, or of any octagonal-sided column. Compiled for the 

accommodation of Timber-growers, Merchants, and Surveyors, 

Stonemasons, Architects, and others. By Richard Horton. 

Seccmd edition, with considerable and valuable additions, i2mo, 

strongly bound in leather, ^s, 

** The o£x of the ardiitect, engineer, building surveyor, or land agent that is 

without this excellent and useful work cannot truly be confiklered perfect in its 

fiimishine." — frisk Builder, 

" We Have used tiie im^oved and other tables in this volume, and have not 
observed axiy unfairness or raaccuracy.'' — Builder, 

"The tables we have tested are accurate To the builder and estate 

agents this work will be most acceptable. "—uPrt^wvi Architect. 

''Not only are the best methods of measurement shown, and in some instances 
illustrated by means of woodcuts, but the erroneous systems pursued by dishonest 
dsalers ore fully ocposed The work must be considered to be a vsiluable addi- 
tion to every gardener's library.— Gfl:n/^«. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, ^xz. By James Haw- 
kings. Fcp. 3J. 6^. doth. 
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Mechanic's Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Eleventh Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, 5^-. bound. 

" As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Tsmpleton's Companion stands unrivalled." — Mechanic^ Magazine. 

" Admirably adapted to the wants of a very lai^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this Httle work." — Building News. 

Engineers Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 5th Edition. i8mo, 2s,6d, doth. 

" So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to Ae attention of our readers. — Mechanics' Magnzijic, 

** Every mechanic ^ould become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
'-BuilditLg News, 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and brinfi[ing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Ardiitect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. (id, cloth. 

** This useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be known." — The Irish Builder. 

*' We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to beU-hangmg, &at is not fully treated upon in this valuable 
work."— rA^ Artizan. 

** Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodyin^^ a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 
building \x9jdA,**— Colliery Guardian, 

" Altogether the book is one which well fulfils the promise of its title-page, and we 
can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to %\.vAfxiX&,''-~Engineering, 
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MATHEMATICS, &c. 

> 

Gregorys Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlaiged by Henry Law, C. E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfest College ; Author of ** A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. u. doth. 

*' As a standard work on mathematics it has not been excelled. "— ^ rtutan. 

" The engineer or architect will here find read^^ to hi»hand, rules for solving nearly 
every mathematical difficulty that may arise in his practice. As a moderate acquaint- 
ance with arithmetic, algebxa, and elementary geometry is absolutely necessary to the 
proper understanding of the most useftd portions df tms book, the author very wisely 
has devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. The rules are m 
all cases explained by means of examples, in whidx every step of the process is clearly 
worked out." — Builder. 

** One of the most serviceable books to the practical mechanics of the cotmtry. . . 
The edition of X847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thorougmy, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem sumost like a 
new structure on an old plan, or radier like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the larger requirements of modem 

times In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous typographical errors whidi 
have escaped the eyes of the former Editor. Tlie book is now as complete as it is 
possiUe to make it. ... . We have carried our notice of this book to a greater 
length than the space allowed us justified, but the experiments it contains are so 
interesting^, and the method of describing them so clear, that we may be excused for 
overstq;>pmg our limit. It is an instructive book for the student, and a Text- 
book for nim who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon iSbKOL^'— Building News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 

Standard Measures and Weights are compared with those of the 

Metric System at present in use on the X^ontinent By C. H. 

DowjLiNG, C. E. Second Edition, revised and enlarged. 8vo, 

lar. dd, strongly bound. 

" Mr. Dowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other." — Athetueum. 

" Their accuracy has been certified by Professor Airy, the Astronomer-RoyaL'*— 
Builder. 

" Resolution 8.— That advantage will be derived from the recent publication of 
Metric Tables, by C H. Dowling, Q,.'^"'^Report qf Section Ft British Association » 
Bath, 
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InwooiTs Tables^ greatly emlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, FredioW, 
Copyhold, or Leasehold; Aimiikies, AdTOwsons, &c., and for the 
Renewing of Leases hdd under Cathedral Churches, CoHfgrs or 
other corpocate bodifli; fac Tenns of Years ocKtaia, and lor Lives ; 
also ior Vahm)^ Reveisionary Estates, DefioiTed Annoities^ Next 
Presentations, &c.y together with Smart's Hve Tables of Con^xmnd 
Interest, and an Ertmsinn of the same to Lower and latennediate 
Sates. By William Inwood, ArchitecL The 19th edition, with 
consideiable additions, and new and valuable Tables of I^jganthms 
iior the moie Difficnlt Compatatioiis of Uk Interest of Monor* I^- 
coimt, Anmdties, &&, by M. Yiesxas. Thohan, of the Sodete 
Credit Mobiher of Paris, umo, &; doth. 

\* This tiiiion [jAe igii) d^ers im many imporiant ^riiadars 
fromjomurona, TTu changes etttsist, fixrt, in a more com/enieni 
and sysUmatk amusement of the or^imal TaUes^ amdm ike removal 
' of certain numerical errors which a very carefid revision ^the whole 
has onahled the Resent eiUor to sUsofuer; and secondly, in ^u 
extension of poetical ^ikty conferred on the work iy the introdnetion 
of TabUs now ituertedfor the first time. This new and imprrtant 
nudter is all so much actually added to INWOOS)^ TABUiS ; uotkittg 
has hitn ahstracted from ihe orif^inal eolUeiion: so that thoK who haxte 
been long in the habit of consuHing Inwood for any specitd prqfes' 
siondl purpose will, ca heretoforcy find the information sought still in 
its pages, 

** Tboae antereated in the piurhase and sale of estates, and in "the a4fustwi<3it ot 
GonpeiMation ea«c^ as weU as in traoaactknis in anmiitics, life iASursmces, &c., will 
fiodthe present edition of eminent yeTnat,'''—£ngineoring. 

Geometry for the Architect^ Engineer ^ &c. 

PRACTICAL GEOMETRY, for flie Architect, Etigineer, and 
Mechanic; giving Rides for the DeUncatspn and Application of 
various Geometrical Lines, Figures and Curves. By £. W. Task, 
M»A«, Architect, Author of "Tlie Science of Building," &c. 
With 164 lUiutrations. Bemy j8vo. 12s, 6d. 

" No book Math the same objects in view has ever been published in which ^ 
clearness of the rules laid down and the fllustrative diagrams have been so satis- 
foctory." — SccUman. 

Comparmd Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms kit the more Difficult Compuistions of 
Interest, Discount, Annuities, &c., in all their AppUcaitiaos and 
UiM for Mercantile and State Purposes. With an eUbomte Intro- 
duction. By FftDOR Thoman, of the Societe Credit Mobilier, 
Paris, umo, doth, 5^. 

" A very powerful woric, and the Author has a very remarkable cotomftnd of his 
subject."— /V^ii»rw4. de Morgan, 

" We recommend it to tlie notice of actuaries and accountants.** — Athaueum. 
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^ SCIENCE AND ART. 

The Military Sdenses. 

AroE-MfiMOIRE to the MILITARY SCIENCES. Framed 
from Contribntions of Officers and others connected with the dif- 
ferent* Services. OriginaDy edited by a Committee of the Corps of 
Roral Engineers; Second Edition, most carefblly revised by an 
Officer of the Corps, with mairy additions ; containing nearly 350 
Engravings and many hundred W oodx:uts. 3 vols, royal 8vo, extra 
doSi boaBPds, and lettered, price 4/. lar. 

*' A compeodious encydopaBdiaof military knowledge, to which we aie cceatly in~ 
debted."— ^<£mk^^>% Rtview, 

" The most comprehoisive work of reference to the military and collateral acienoes. 
Among the list oC contributors^ some seventy-seven in number, wiE be found naacs of 
the hi^est distinction in the services.** — Volwntetr Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION^ the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colons I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Platesy price I2jc complete. 

Naval Science, 

NAVAL SCIENCE : a Quarterly Magazine for Promoting 
the Improvement of Naval Architecture, Marine Engineering, 
Steam Navigation, Seamanship. Edited by K J. Reed, C.B., 
M.P., and late Chief Constructor of the Na/vy, and Joseph 
WooLLEY, M.A., LL.D., F.R.A.S. Copiously illustrated. 
Price 2s, 6d, Now read;^ Vols. II. & IIT., each containing 4 Nos. 
cloth boards, price I2x. &/, each. 

*»* TAf Contributors include the most Eminent Authorities in the 
set'eral Branches of the above subjeets. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, ImpnxitlEsrt and Snphirtkation& 
For the Use of Dyers, Printers, Dry Saltexsi Bn^ceis^ &c. By J. 
W. Slater. Post 8vo, cloth, price 7/. &/. 

*'A complete encyclopaedia of the materia tinctoria. The information given 
re s pect h ig each article ig falF and precise smd die medkods of detenninms the value 
d articles such as theses saUaddiB to s^pinisficatiaDy are given wifli ciearacsB, and are 
p ra ct ic al as well as vahiable."— CA«mw/ and Drt^gist. 

Electrieity. 

A MANUAL of ELECTRICITY ; includmg Galvanism, Mag- 

netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and 

the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 

Lecturer on Chemistiy at St. George's HospitaL Fonrfli Edition, 

entirely rewritten* Illustrated by 500 Woodcuts. 8vo» i/. 4& dotlu 

" The commendations already bestowed in the pages of the Lancet on the ibrmer 
editions of t&ia woric ace mos« tium ever merited- ly die piesoM, The aceountt given 
of electricity and galvanism are not only complete m a scientific sem^ b«k, which is a 
rarer thing, are popular and interesting."— Xanrr/. 
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Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY: in- 
eluding Magnetism, Voltaic Electricity, Electro-Magnetism, Dia- 
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric 
Telegraphy. Being a Condensed Resume of the Theory and Ap- 
plication of Electrical Science, including its latest Practical Deve- 
lopments, particularly as relating to Aerial and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital Post 8vo, 400 Illustrations, I2j. (ni, doth. 

*• We can recommencL Dr. Noad's book for clear style, great range of subject, a good 
index, and a plethora of woodcuts. **—A thetumm. 

" A most elaborate compilation of the facts of electricity and magnetism, and of the 
theories which have been advanced concerning them.*' — Popular Science Review. 

** Qear, compendious, compact, well illustrated, and weU printed." — Lafuet. 

** We can strongly recommend the work, as an admirable text-book, to every student 
— begfinner or advanced — of electricity." — Engineering. 

" Nothing of value has been passed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the presoit state of electrical science."— 
Mechanic^ Magazine. 

" We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any size that contains so 
complete a range of facts." — Eti^lish Mechanic. 

Rudimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, witi considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. i2mo, cloth, 4r. 6d. 

"There is a good index, and this volume of 412 pages may be considered the best 
possible manual on the subject of magnetism." — Mechanic/ Magazine. 

** As concise and lucid an exposition of the phenomena of magnetism as we believe 
it is possible to write." — En^ish Mechanic. 

" Not only will the scientific student find this volume an invaluable book of refer- 
ence, but the i^eneral reader will find in it as much to interest as to inform his mind. 
Though a stnctly scientific work, its subject is handled in a simple and readable 
style.— //7«*/rtf/^</ Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatiseof Chemical Analysis." Nciv Edition. Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Crovvn 8vo, I2j. (id. cloth. 

\yust ready.) 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide^> alike indispensable to the housewife as to the pharmaceutical practitioner."-— 
Medical Times. 

*' The very best work on the subject the English press has yet produced."— Af«f- 
chanic£ Magazine. 
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Clocks y Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCI^S, WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S., Author of " Astronomy with- 
out Mathematics," &c. Sixth edition, thoroughly revised and 
enlarged, with numerous Illustrations. Limp cloth (No. 67, 
Weale*s Series), 4;. 6</.; cloth boards, 5j. 6</. 

" As a popular, and, at the same time, practical treatise on clocks and bells, it is 
unapproached." — English Mechanic. 

*' The best work on the subject probably extant . . . So far as we know it has 
no competitor worthy of the name. The treatise on bells is ithdoubtedly the best in 
the language. It shows that the author has contributed very much to their modern 
improvement, if indeed he has not revived this art, which was decaying here ... . 
To call it a rudimentary treatise is a misnomer, at least as respects clocks and bells. 
I( is something more. It is the most important work of its kind in English.**— • 
Engineering, 

The only modem treatise on clock-making." — Horological youmal, 

** Without hayinfi^ any special interest in the subject, and even without possessing 
any general aptitude for mechanical studies, a reader must be very uninteiugent who 
cannot find matter to engage his attention in this work. The little book now 
appears revised and enlarged, being one of the most praiseworthy volumes in 
Weale's admirable scientific and educational series." — Daily Telegraph. 

** We do not know whether to wonder most at the extraordinary cheapness of this 
admirable treatise on clocks, by the most able authority on such a subject, or the 
thorough completeness of his work even to the minutest details. The chapter on bel^ is 
singular and amusing, and will be a real treat even to the uninitiated gentfal reader. 
The illustrations, notes, and indices, make the work completely perfect of its kind." — 
Standan/. 

"There is probably no book in the English language on a tedwical subject so 
easy to read, and to read through, as the treatise dk clocks, watches, and bells, 
written by the eminent Parliamentary Counsel, Mr. E. B. Denison— now Sir Edmund 
Beckett, Bsirt.'*—Archilecl. 

Science and Scripture, 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the* Fixed Stars— their Distances and Masses. By Professor 
J, R. Young, Author of ** A Course of Elementary Mathematics," 
&c. &c. Fcap. 8vo, price 5j. cloth lettered. 

" Professor Yoimg's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent." — English Churchman. 

'* Dbtinguished oy the true spirit of scientific mquiry. by great knowledge, by keen 
logical abiuty, and by a style peculiarly clear, easy, and energetic." — Nonconformist. 

"* No one can rise from its perusal without being impressed with a sense of the stn< 
gular weakness of modem sceptijosxaJ*" Baptist Magazine. 

** A valuable contribution to controversial theological literature."— C«?y Press. 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M. A., late Fellow of Trixi. Coll., Cambridge. Second 
Edition, iSmo, 5j. cloth. 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edkod by 
DIONY9IUS Ijouoner, D.C.X.., ibnnerly Professor of Natural Phi- 
losopfay and Astronomy in University College, London. Contents : 
The Planets ; are they inhabited Worlds ? — Weather Piqgnostics — 
Popular Fallacies in Questions of Physical Science — Latitudes and 
Longitudes — ^Lunar Influences — Meteoric Stones and Shooting 
Stars — Railway Accidents — Light — Common Things : — Air — 
Locomotion in the United States — Cometary Influences— Common 
Things: Water— The Potter's Art-'-Common Things: Fire — 
Locomotion and Traaspoit, their Influence and Progress — The 
Moon— ^Common Things : The Earth— The Electric TOegraph — 
Terrestrial Heat— The Sun — ^Earthquakes and Volcanoes — Baro- 
meter, Safety Lamp, and Wfaitworth's Micrometric Apparatus — 
Steam— The Steam Engine— The Eye— The Atmosphere— Time 
— Common Things : Piunps — Common Things : Spectacles, the 
Kaleidoscope— *Clod(s and Waliches— Micnascopic Drawing and 
&igBaving-~^Locomotive — ^Thermometer — New Ptenets : Lever- 
rier and Adams*s ^anet— ^Ma§:nitudfi and Minuteness— Common 
Thii]|gs : The Almanack-^Optical Images — How to observe the 
Heavens— ^Common Things : the Looking-glass — Stellar Universe 
—The Tides — Colour — Common Things : Man — Ms^pifying 
Classes — Instinct and Intelljigence — ^Thc Solar Microscope — The 
Camera Lucida — The Magic Lantern — The Camera Obscnra — 
The Microscope — The White Ants- : their Manners and Habits — 
The Surface of the Earth, or First Notions of Geography— Science 
and Poetry — ^The Bee — Steam Navigation — Electro-Motive 
Power— Thunder, Lightning, and the Aurora BoreaHs — The 
Printing Press— The Crust of the Earth — Comets — ^The Stereo- 
scope — The Pre-Adamite Earth — Eclipses — Sound. With up- 
wanls of I200 Engravings on Wood. In 6 Double Volumes, 
handsomely bound in cloth, gilt, price £,1 is, 

*'Tke 'Museum of Science and Art' is the most valuable conbribution that has 
evor been made to the Scientific lostniction of every class of sodety." — Sir David 
Brewster in iht Norik British Review. 

"Whether we consider die liberality and beauty of the Ulustmtions, the charm of 
die writine^, or the durable interest m the matter, we must express our belief that 
there is hardly to be fbimd among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable -pttsaA'^^Examiner. 

*•* Separate books formed from the above, suitable for Workmen's 

Libraries^ Science CUuses, ^c. 

Common Things Explained. With 233 Illustrations, 5^. doth. 
The Electric Telegraph Popularized. 100 Illustrations, u, td, cloth. 
The Microscope. ^With 147 Illustrations, 2j. doth. 
Popular Geology/ With 201 Illustrations, 2j. 6d. doth. 
Popular Physics. With 85 Illustrations. 2s, 6d. cloth. 
Popular Astronomy. With 162 Illustrations, 4s, 6d, doth. 
Steam ai^d its Uses. Wifli 89 Illustrations, 2j. cloth. 
The Bee and White Ants. With 135 niustrations, cloth, 2j. 
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DR. LARDNER'S S CIENT IFIC HANDBOOKS, 
Astronomy, 

THE HANDBOOK OF ASTRONOMY. By Dionysius 
Lardner, D.C.L., formerly Professor of Natural Fliilosophy and 
Astronomy in University College, London. Third Edition. Re- 
vised and Edited by Edwin Dunkkn, F.R.A.S., Superintendent 
of the Altazimuth Department, Royal Observatory, Greenwich. 
With 37 plates and upwards of 100 Woodcuts. In i voL, small 
8vo, doth, J 50 pages, price 7j. (xi, 
" We can cordially recommend It to all those who desire to possess a complete 
manual of the science and practice of astronomy. "-r/lj/ti^ff^wrArac/ Reporter, 

Optics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. Lond., of ITniversity College, London. 
With 298 Illustrations. Small 8vo, cloth, 44^8 pages,, price 5x. 

Electricity, 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Gbo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Smsdl 8vo, cloth, price 5s. 

" The book could not have been entrusted to- an3r on« better calculated to preserve 

the terse and lucid style of Lardner, while correcting his errors and brining up his 

work to Ae present state of scientific knowledge.'*— i^«w&ar Science Rewew. 

Mechanics. 

THE HANDBOOK OF MECHANICS. {Reprinting, 

Hydrostatics, 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With numerous Illustrations. 5 J. ]Just published. 

Heat. 

THE HANDBOOK OF HEAT. New Edition, Re-written and 
Enlarged. By Benjamin LoEWY, F.R. A. S, [Preparing, 

Animal Pk^sics. 

THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Illustrations. New edition, smaQ 8Vo, doth, 7j. 6^. 732 pi^es. 

\yu6t published. 

Electric Telegraph. 

THE ELECTRIC TELEGRAPH. New Edition. Revised 

and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. 

Small Svo, 2x. 6^. clothe 
** One of the most readable books extant on the Electric T«legrai>h.''— £;>^. Mechanic. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 
328 Illustrations. Fifth Edition. I vol 3^. 6^£ cloth. 
"A very conveaient cl«ss>book for junior students in 'private schools. It is in- 
tended to cxxD!9ef\ in clear and pnecise terms, gjBneral notions of all the principal 
divisions of Phym::al Science.'*—- JW/wA i^uarterty Reoiewi 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 

With 190 Illustrations. Second Edition, r vol. 3J. 6d. cloth. 

"Clearly written, well arranged, and excellently illustrated."— Crtr^few^f'CAnw^* 
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Geology and Genesis Harmonised, 

THE TWIN RECORDS of CREATION; or. Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price 5^. cloth. 

*' We can recommend Mr. Le Vaux as an able and interesting guide to a popular 
appreciation of geological science." — Spectator. 

*"rhe author combines an unbounded admiration of science with an unboimded 
admiration of the Written Record. The two impulses are balanced to a nicety ; and 
the consequence is^ that difficulties, which to minds less evenly poised, would be 
setfous, find immediate solutions of the happiest kinds." — London Review. 

" Vigoroasly written, reverent in spirit, stored with instructive geological facts, and 
designed to show that there is no discre];)ancy or inconsistency between the Word and 
the works of the Creator. The future of Native, in connexion with the glorious destiny 
of man, is vividly conceived.'* — Watchman. 

** No real dimciilty is shirked, and no sophistry is lefk unexposed." — The Rock. 

Geology^ Physical. 

PHYSICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, 2j, [Ready, 

Geology^ Historical 

HISTORICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo» 2J-. 6^. \_Ready. 

%* Or Physical and Historical Geology, bound in One 
Volume^ price 5j. 

Wood' Carving. 

INSTRUCTIONS m WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand* 
somely printed, with Ten large Plates, price 2^. 6</. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady's* publication." — Atketueum. 

** A real practical guide. It is very complete." — Literary Churchman. 

** The directions g^iven are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's art." — English Mechanic. 



Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Times, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 6j. cloth. 

%* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington, 

" A work that may be advantag[eously consulted. Much may be learned, even by 
those who fancy they do not require to be taught, from the careful perusal of this 
unpretending but comprehensive treatise." — Art Journal. 

A valuable book, which supplies a want. It contains a large amount of original 
matter, agreeably conveyed, and will be found of value, as well by the young artist 
seeking information as by the general reader. We give a cordial wdcome to the book, 
and aug:ur for it an increasing reputation." — Bunder, 

** This volume is one that we can heartily recommend to all who are desirous of 
unf ^rstanding what they admire in a good painting." — Daily News. 
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Delamotte^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 9J. Elegantly bound, cloth antique. 

" A handy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to be usefuL . . . Theexamplesof ancient MSS. recommended to the student, 
which, widi much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste." — Athenatan. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&C. &c. &c. Collected and engraved by • F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4^. cloth. 



(( 



'A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book will be usefuL" — Atheiututn^ 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, .and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4J'. cloth. 

*' To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which 
has been expended in the conception ef the vanous plain and ornamental letters is 
wonderfuL '^---Standard* 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, 6j. cloth gilt. 

*' A volume in which the lettecs of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A i)oem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, 2j. (xi. in omamentai boards. 
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AGRICULTURE, &c. 

> 

Yauatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 

BREEDER'S ASSISTANT. A Compendium of Husbandry. 

By William Youatt, Esq., V.S. nth Edition^ enlarged by 

Robert Scott Burn, Author of "The Lessons of My Farm," &c. 

One large 8vo volume, 7S4 pp. with 215 Illustrations, i/. \s. half-bd. 

** The standard and text-book, with the farmer and grazier." — Farmer's Magazine. 

" A valuable repertory of intelligence for all who make agricultttre » pursuit, and 

especially for those who aim at keepmg pace with the improvements, of the age." — 

BeWs Weekly Messenger. 

"A treatise which will remain a standard work on the subject' as long as British 
agricultiape endures." — Mark Lane Express. 

" One of the best books of refereace that can be contained ia t^ aericulturist's 
library. The word ' complete ' expresses its character ; since every oetail of the 
subject finds a place, treated upon, and e9q[ilained, in a clear, comprehensive, and 
practical wannw. '*-^Magnet, 

Spooner on Sheep. 

SHEEP; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C, Spooner^ M.R.V.C., &c. 
Third Edition, considerably enlai^ged ; with nurnerons fine engra- 
vings, including some specimens of New and Improved Breeds. 
Fcp. 8vo. 366 pp., price 6j. cloth, (yitsl published, f 
" The book is decidedly the best of the kind in our language." — Scotsman. 
*' A reliable tvsX-yMt^i:^ —Stamford Mercury, 

" Mr. Spooner has conferred upon the agricultural class a lasting^ benefit by em- 
bodying in this work the improvements made in sheep stock by such men as 
Humphreys, Rawlence, Howard, and others." — Hampshire Advertiser. 

"The work should be in possession of every flock-master.** — Bentibtery Guardian. 
"We cam confidently recommend the work as useful and rdiable, and of much 
practical ulilky to the class for whom it is intended.*'— ^^w^^ and Winchester 
Journal. 

" Mr. Spooner has conferred a boon on agriculturists genendly, and' the farmer's 
library wiU be incomplete which does not include so admiraUe a guide to a very 
important branch of the business."— i?<>rstf^ County Chronicle, 

Scott Burn's System of Mod^m Farming. 

OUTLINE OF MODERN FARMING. By R. Scott Burn. 

Soiis, Manures, and Crops — Fanning and Farming Economy, 

Historical and Practical — Cattle, Sheep, and Horses — Management 

of the Dairy, Pigs, and Poultxy, with Notes on the Diseases of 

Stook — Utilisation of Town-Sewage, Irrigation, and Reclamation 

of Waste Land. New Edition. In i vol. 1250' pp.,. half-bound, 

profusely Illustrated, price I2j. 

" Tnere is sufficient stated within the limits of this treatise to prevent a farmer 

from going far wrong in any of his operations. . . . The author has had great 

personal experience, and his opinions are entkled to every respect.** — Observer. 

Norton^ s Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
Wages, Marketing, and Decimal Tables. Together with Tables 
for Converting Land-measure from one denomination to another, 
and instructions for Measuring Round Timber. By Richard 
HoRTON. i2mo. 2 J. strongly bound in leather. 
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Ewarfs Land Improver^ Pocket-Book. 

THE LAND IMPROVERS' POCKET-BOOK OF FOR- 
MULAE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 45. 

" A compendium long required by land surveyors, agricultural engineers, &c."— 
Sussex Duily News. 

" It is admirably calci\)ated to serve the purpose for which it wais intended." — 
ScotsnuM. 

** A compendious and handy little volume . . . admirably arranged, and can 
hardly fail to prove exceedingly useful to the class of professional men for whom it 
is inttvUd."—S^ctitUr. * 

" Contains in a condensed form the essence of many a treatise, and will be found 
of much service to the land agent and measurer." — Newcastle Daily ytntmal. 

" Is « marvel of industrious compilation, containing everything requisite ibr com- 
putatioBS relatittg to the permanent improvement of landed property ; it is a perfect 
ztade-mecum for a surveyor.**— yM« Bull. 

Hudson s Tables far Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the "Valoe of 
Estates. To which are added. Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also, Tables 
of Square Measure, and of the various Dimensions of an Acre in 
' Perthes and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &c. 
By R. Hudson, C.E. New Edition, royal 32mo. oblong, leather, 
gilt edges, with elastic band, 4f, 

" This new edition includes tables for ascertaining the value of leases for any term 
of years ; and for showing how to lay out plots of p-ound of certain acres in forms, 
scjuare, round, &c., with valuable rules for ascertainmg the probable worth of standing 
timber to any amount ; and is of incalculable value to the country geotlemaa and pro* 
fessional man." — Farmer's Journal. 

Complete Agricultural Surveyors^ Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7j. ()d. 

^^ The above forms an unequalled and most compendious Pocket 
Vade-mecum for t/ie Latul Agent and Agricultural Engineer, 

" We consider Hudson's book to be the beat ready 'reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work greatly enhances the value and usefulness of the latter-mentioned . . 
It is most useful as a manual for reference to those for whom it is intended."— 
Xortli of England Farmer. 

Scott Burn's Introduction to Farming, 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping- of Farm- work Records. By Robert 
Scott Burn. With numerous Illustrations. Fcp. 6j. cloth. 

"A most complete introduction to the whole round of farm«r^ practice.'* — John 

Bull. 
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**A Complete Epitome of tJu Laws of this 
Country y 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. 12th Edition, 
carefully revised, including a Summary of The Building Societies 
Act, The Infants' Relief Act, The Married Women's Property Act, 
The Real Property Limitation Act, The Betting Act, The Hosiery 
Manufacture Act, a Summary of the Supreme Court of Judicature 
Act, &c., &c. With Notes and Reference? to the Authorities. 
i2mo, price dr. %d. (saved at every consultation), strongly bound. 

COMPRISING THE LAWS OF 

Bankruptcy — Bills of Exchange — Contracts and Agreements — Copyright 
— Dower and Divorce — Elections and Registration — Insurance — Libel 
and Slander — Mortgages— Settlements— Stock Exchange Practice — 
Trade Marks and Patents — Trespass, Nuisances, etc. — ^Transfer of 
Land, etc. — ^Warranty — Wills and Agreements, etc Also Law for 

Landlord and Tenant — Master and Servant— Workmen and Apprentices — Heirs, 
Devisees, and Legatees — Husband and Wife — Executors and Trustees — Guardian 
and Ward — Married Women and Infants — Partners and Agents-^ Lender and 
Borrower — Debtor and Creditor— Purchaser and Vendor — Companies and Asso- 
ciations—Friendly Societies — Qergymen, Churchwardens — Medical Practitioners, 
&c. — Bankers — Farmers— Contractors — Stock and Share Brokers — Sportsmen 
and Gamekeepers — Farriers and Horse-Dealers — Auctioneers, House-Agents— 
Innkee^rs, &c. — Pawnbrokers — Surveyors — Railways and Carriers, &c. &c. 

** No Englishman ought to he without this booh.** — Engineer. 

** It is a complete code of English Law, written in plam language which all can 
understand . . . should be in the hands of every business man, and all who wish to 
abolish lawyers' bills."— W^*«t(fK Times. 

" A useful and concLse epitome of the law." — Law Magazine. 

** What it professes to b^— a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional reaoers." — Bell's Life. 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c. 
Third Edition, enlarged, by C. NoRRis. Royal 32mOy cloth, 5^. 

'* A neat and concise book of reference, containing an admirable and clearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of furniture, &ic.*'--Standard. 

Pawnbrokers Legal Guide. 

THE PAWNBROKERS', FACTORS*, and MERCHANTS' 
GUIDE to the LAW of LOANS and PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and 
Criminal, as to Loans and Pledges of Goods, Debentures, Mercan- 
tile, and other Securities. By H. C. Folkard, Esq., of Lincoln's 
Inn, Barrister-at-Law, Author of the "Law of Slander and Libel," 
&c. i2mo, cloth boards, price *js. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMMNIES. By Whitton Arun- 
DELL, Attomey-at-Law. Crown 8vo. 4^. eloth. 

Sradbury, Agnew, & Co.. Printers, "Whitefriars. London. 
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MECHANISM, the Elements of ; elucidating the Scie 
tific Principles of the Practical Constmctidn of Machines. Wi 
Specimens of Modem Machines, by T. Baker, 0^. ; and Bemar! 
on Tools, &c., by J. Nasmtth, O.E. Plates. 28. 6d. 

MACHINERY, Rudimentary and Elementary Principle^ 
of the Construction and on the Working of. By 0. D. Abel 
O.E. Is. 6d. ^-^— ^^— -i^— 
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235 Illustrations. 4to. 4s. 6cl. 

THE WORKMAN 8 MANUAL OF ENGINEERINC 
BRA WING. By J. Maxton, Instructor in Engineering Drawing 
> ^l^ South. Kensington. 7 Plates ^d nearly 350 Cuts. Ss. 6d. 
^ METALLURGY OF IRON, a Treatise on the. Cgn 
^ ^ taining Methods of Assay, Processes of Manufacture of Iron an 

p. Steel, &c. By H. Batjbrman, F.G.S., &c. Fourth Edition, re 
» ^il: vised and enlarcred, with numerous Illustrations. 48. 6d. 
5|5£ COAL AND COAL MINING: a Rudimentary Treatis 
C'^l on. By WA^^yi " ' — ■ ■ ■ ■* ■ ' ■ ■ ■ " \ S., &c., Chief lu 
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^ll MECHANICAL ENQINEERINQ, &c. ^^^ 

|»t^ MECHANICS, Rndimentary Treatise on; bemg a con- c^;i^^ 

^ci '^'^ EipositioQ of ths Genenil Frinciplei of Mnihuiicnl Science, %^a.Hm 

'^fy^ 'nd their Applioatioiu. B; C. Tomlhudh. Dliutratad. Is. 6d. .^^,^1^ 

o'i^ PNEUMATICS, iarihaTJeeotSe^imerB. By Chaeleb T*^^' 

£jt^ ToMLiHBOJi. lUustrated. Ii. 6d. I 

Ut"^ CRANES, the ConBtruction of, and otter Machinery for '. 
P^*? Eaiaing Hmvt Bodiaa tor the Erection of Bniliiings, and tor 'iig,--.— ^ 
^1^ Hoisting Qooda. Bj JoaiPH Gukb, P.E.S.pAc.llliiatratod. la.6d. ?3)J^:^i 
S STEAM ENGINE, a. Rudimentary Treatise on. o?*^^^ 
Dr. Imodkeb. IlluBtrated. la. jjfi' 

THE STEAM ENGINE, a Treatise on the Math^V, 
■"ttic&I Theory of, with Rulei at length, and Szamples for the "■ ' ' 
Pntcticsal Men. Bf T. Bakxo, C7E. mnitrated. 1b. 
STEAM BOILERS: their Construction and Managt 
meiit. B7 B, Aimaiaoiie, C.E. ] lUoBtrated. la. 6d. 

ftH AGRICULTURAL ENGINEERING: Farm Btdli 
^ Vf inge. Motive Foner, Field Maohinea, Maobinerj, and Implement 
& JK By a. H. Amdkswb, O.B. Bliutrated. "- 

fO^ CLOCKS, WATCHES, AND BELLS. BySia Edmi 
^IS Beckett (late E. B. Denibon, LL.D., &c. &c.) A New EditioiT ,. 
tJ=t" reviaed, with aeveral additional IllustrationB, 4s. 6d. [ffsorfj 

f^ THE ECONOMY OF FUEL, particnlarly with refei 
[i^i^ enca to Eeyerberatory Furnaces for the Manufactuie of Iroi 
jr>j(^ and to Steam Boilers. By T. Sticeb Pamaioi. Is. 6d. 

MARINE ENGINES AND STEAM VESSELS, 
TrealiBson. Together wiUiFmctioalEemarkB on the Screw an 
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^^ Propelling Power, as need in the Eoyal and MerohantNaw. H 
« ^S BoBBiiT MuaEAi, O.E., Enginoer-Sursevor to the Board of Trad 
^J^^ Fifth Edition, revised and enlarged. lllnstrated. 3s. 

^•^ THE POWER OF WATER, as applied to drive Flon 
^jT Milla, and Co give motion to TorbineB and other Eydrostat 
^go Engines, By J.&LTin(,P.E.8.,4o. New Edition, lUuBtrated. ' 

f^ STATICS AND DYNAMICS, the Principles and Pn 

iAfTE ''"* "' '• embracing a clear deTelopniBnt of HjdroBtatics, Hydr< 
FiiT dynamicB, and Pnonmatios, with Central Forcee and Bu] 
Z.^ Hevation of Eitecior Kail. By T. Bieeb, CJ!. Is. 6d. 

fC^ SWORDS, AND OTHER ARMS used for Cntting 
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Thmsling, Memoir on. By Colonel Maeet. Translated 
Colonel H. H. Maxwell. With TSoUe and Plates. 1b. 
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3^M tiSoPrinciplafl of the Practical CoDBtrucU6n of Machinea. WiM 

■^Stf. SpecimaiiBoEModarnMachiiieB,byT.BAKiR,0^.; andBemarJ 

^;gjt% on Tools, &c., l)y J. Nashtth, O.E. Plates. 2s. 6d. f 

-£« *C£|. MACHINERY, Eadimentary and Elementary Priuoipl^ 

^'^'it- °^ *'"' *^°^*^™'*''° 8^ oil ^^ Worldiig; of. By 0. D. Abei| 
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MECHANICAL ENGINEERINQ, &c. ^ 



MECHANICS. Rudimentary Treatise on ; being a con- c^-^^ 
ciee EipoBition of the Qeneral Principles of Meolianical Bcisnoe, S^t-^^ 
Mid their Application!. B; C. loiuiiiaox. lUiulrated. 1b. 6d. ^^f, jj^/^ 

PNEUMATICS, for the Use of Beginners. By Chablbs ^^'^ 
.J ToMLmaoii. IlluBtrated. 1«. 6d, ^O^w^ 

vk"^ cranes, th« Conatraotion of, and oliier Machinery for -^^.^^ 
'^'^^ Baiaing Hmtt Bodiea for the Erection of Buildings, and for "itl^*^-^^ 
')^ Hoiating Goods. By Jobbth Qlthb, P.R.B.,4c.lIIiistwtad. Ia.6d, ^^>^t 

THE STEAM ENGINE, a Bndimentary Treatise on. 
^i>4 B7 Dr. Laednbb. DluatiaCed. Is. 

^M THE STEAM ENGINE, a Treatise on the Maths- 
§^^t* maticftl Theoiy of, with Rulei at Jenefli, «nd B»amplss for the use 
i^^ of PiBotioal Men, Bj T. BiiiU, 03. Uluafiated. la. 

^^ STEAM BOILERS: their GonBtrnction and Manage- 
^■A^ ment By E. AwiaTaoMo, C.E. ; lUoBtrated. la. ad. 
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ill* '"8^1 Motive Power, Field Machin«e, MBcbinery, and Implen 
^S By G, H. Andrews, O.B. lUuatrftted. 3e. 



CLOCKS, WATCHES, AND BELLS. By Sm Edmund 
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